


Let ug take a Survey of the principal Fabrick, viz. the Terraqueous 
G'lobe itself; a nios^^ stupendous work in every particular of it, which 
(loth no less aggrandize its Maker than every curious complete work doth 
its Workman. Let us cast our eyes here and there, let us ransack all the 
Globe, let us with the greatest accuracy inspect every part thereof, search 
out the iiimoBt secrets of any of the creatures, let us examine them with 
all our gauges, measure them w.ith our nicest rules, pry into them with 
our microscopes and most exquisite instruments, still we find them to 
bear testimony to their infinite Workman.” 

OERHAM’S PHYSIOO-TIIEOr.OGY, BOOK II. P. SB. 

“ Could the body of the whole Earth - - be submitted to the Exami- 
nation of our Senses, were it not too big and disproportioned for our 
Enquiries, too unwieldy for the Management of the Eye and Hand^ there 
is no question but it would appear to us as curious and well -contrived 
a frame as that of an human body. We should see the same Concate- 
nation and Subserviency, the same Necessity and Usefulness, the same 
Beauty and Harmony in all and every of its Parts, as what we discover 
in the Body of every single Animal.” spectator, no. 643, 
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PREFACE. 


Three important subjects of. enquiry in 
Natural Tlieology come under consideration 
in tlic pr<<sent Treatise. 

The firbt regards the inorganic Elements 
of tlie Mineral Kingdom, and the actual 
dispositions of tlie JMaterials of the Eartli : 
many of tlies(% altliongli produced or modi- 
fied by tlie agency of viohnit and disturbing 
forces, arfSrd abundant proolk ol' wise ancl 
])ro\ident Intention, in tlu'ir adaptations to 
the uses of the Vegetable and Animal King- 
doms, and es])(‘cially to the (‘ondition of Man, 

Tlu' s('cond rebate's to Tlu'oric s which have 
been eiitertaiiK'd respecting tlu' Origin of 
the World ; and tlu' dc'rivation ot* existing 
systems of organic Lili*, by an ('ternal suc- 
cession, from preceding individuals of the 
same species ; or by gradual transmutation 
of one species into another. I have endea- 
voured to show, that to all these Theories 
the phenomena of Geology are decidedly 
opposed. 

The third extends into the Organic Re- 
mains of a former World the same kind of 
investigation, which Paley has pursued witli 
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so much success in his examination of the 
evidences of Design in the mechanical 
structure of the corporeal frame of Man, and 
of the inferior Animals which are placed with 
him on the present surface of the Earth. 

The myriads of petrified Remains which 
are disclosed by the researches ofi Geology 
all tend to prove, that our Planet has been 
occupied in times preceding the Creation of 
the Human Race, by extinct species of 
Animals and Vegetables, made up, like 
living Organic Bodies, of “ Clusters of Con- 
trivances,” which demonstrate the exercise 
of stupendous Intelligence and Power, They 
further show that these extinct forms of Or- 
ganic Life were so closely allied, by Unity 
in the principles of tluur ciuistiuxctiou, to 
Classes, Orders, and Families, which make 
up the existing Animal aiul Vegetable King- 
doms, that they not only afford an argument 
of surpassing force, against the doctrines of 
the Atheist and the Polytheist ; but supply 
a chain of connected evidence, amounting to 
demonstration, of the continuous Being, and 
of many of the highest Attributes of the One 
Living and True God. 



The scientific Reader will feel that much value has been added 
to the present work, from the whole of the Pala'ontology, during 
its progress through the Press, having had the great advantage 
of passing under the revision of Mr. Broderip, and from the 
botanical part having being submitted to INIr. Robert Brown. 
I have also to acknowledge my obligations to Mr. Clift for his 
important assistance in the anatomy of the Megatherium; to 
Professor Agassiz of Neuchatel for his unreserved communica- 
tions of his discoveries relating to l^ssil Fishes; to Mr. Owen 
for his revision of some parts of my Chapter on Mollusks ; and 
to Mr. James Sowerby for his assistance in engraving most of 
my figures of radiated animals, and some of those of Mollusks. 

To all these Gentlemen 1 feel it my duty thus to offer my 
public acknowledgments. 

Many obligations to other scientific friends arc also acknow- 
ledged in the course, of the work. 

The Wood-cuts have been executed by Mr. Fisher and Mr, 
Byficld, and most of the Steel plates of Mollusks by Mr. Zeitter. 



NOTICE. 


The series of Treatises, of which the present is one, is 
published under the following circumstances : 

The Riout IIonouuable and Reverenp Francis 
Henry, Earl of Bri dgewater, died in the month of 
February, 1829 ; and by his last Will and Testament, bear- 
ing date the 25th of February, 1825, he directed certain 
Trustees therein named to invest in the public funds the 
,8iim of Eiglit thousand pounds sterling; this sum, with 
the accruing dividends thereon, to be held at the divSposal 
of the President, for the time being, of the Royal Society 
of London, to be paid to the person or ])crsons nominated 
by him. The Te.stator further directed, that the person or 
persons selected by the said President should be appointed 
to write, print, and publish one thousand copies of a work 
On the Power, ^Yisdom, and Goodness of God, as mani-‘ 
fested in Ihc Creation ; iilnsirating snc/i work kt/ all reason- 
(ibie arguments, as for instance the varieti/ and formation of 
God's creatures in the. animal, vegetable, and mineral king- 
doms ; the effect of digestion, and therein/ of conversion ; 
the construction of the hand of man, and an infinite variety 
of other arguments ; as also by discoveries ancient and 
modern, in jiJ'ts, sciences, and the vdiole extent of literature, 
lie desired, moreover, that the profits arising from the sale 
of the works so published should be paid to the authors of 
the works. ' 
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ON THE ADAPTATION OF EXTERNAL NATURE TO THE 
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INTRODUCTION. 


ClIAPTI’Ji I. 

Extent of the Province of (U'ologjf. 

Tf a stranger, liuiding at the extremity of Riig- 
laiid, were to traverse the wliole of Cornwall 
and the North of Devonsliire; and crossing to 
St. David's, should make the tour of all Nortli 
Wales ; and passing thence through Cumber* 
land, by the Isle of Man, to the south-western 
shore of Scotland, should proceed either tlirough 
the hilly region of the Border Counties, or, 
along the Grampians, to the Cierman Ocean ; 
he would conclude from such a journey of 
many hundred miles, that Britain was a thinly 
peopled sterile region, whose principal inha- 
bitants were miners and mountaineers. 

Another foreigner, arriving on the coast of 
Devon, and crossing the Midland Counties, 
from the mouth of the Exe, to that of the Tyne, 
would find a continued succession of fertile 
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hills and valleys^ thickly overspread with towns 
and cities, and in many parts crowded with a 
manufacturing population, whose industry is 
maintained by the coal with which the strata of 
these districts are abundantly interspersed.^ 

A third foreigner might travel from the 
coast of Dorset to the coast of Yorkshire, over 
elevated plains of oolitic limestone, dr of chalk ; 
without a single mountain, or mine, or coal-pit, 
or any important manufactory, and occupied by 
a population almost exclusively agricultural. 

Let us supi)ose these three strangers to meet at 
the termination of their journeys, and to com- 
pare their resj)ective observations ; how diflerent 
Mould be the results to which each would have 
arrived, respecting the actual condition of (Hreat 
Britain. The first would represent it as a thinly 
peopled region of barren mountains ; the se- 
cond, as a land of rich pastures, crowded w itJi 


It may be seen, in any correct p;coIogical map of En^iand, 
that the following important and populous towns are placed 
upon strata bclon^iu^ to the single geological foiniation of the 
new red sandstone:— Exctt*r, Bristol, Won’cster, Warwick, Bir- 
mingham, Licldiild, Ckn entry, Leicester, Nottiiigham, Derby, 
Stalford, Shrewsbuiy, Chester, Liverpool, Warrington, Man- 
chester, Iheston, Yoik, and Curlislo, I'he population of these 
nineteen towns, by the census of iSdO, exceeded a million. 

The most convenient small map to which I can refer my 
readers, in illustration of this and other parts of the piesent 
essay, is the single sheet, reduced by Gardner from Mr. 
Greenough’s large map of England, published by the Geological 
Society of London. 
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a flourishing population of manufacturers; the 
third, as a great corn field, occupied by persons 
almost exclusively engaged in the pursuits of 
husbandry. 

These dissimilar conditions of three great 
divisions of our country, result from differences 
in the geological structure of the districts 
through which our three travellers have been 
conducted. The first will have seen only those 
north-western portions of Britain, that are com- 
posed of rocks belonging to the primary and 
transition series: the second will have traversed 
those fertile portions of the new nul stindstone 
formation which are made up of the detritus 
of more ancient rocks, and have bcneatJi, and 
near them, inestimable treasures of mineral coal : 
the tliird will have confiiunl his route to wolds 
of limestone, and downs of chalk, wljich are 
best adn])ted for sheep-walks, and the produc- 
tion of corn.* 

Hence it a])poars that the numerical amount 


The rourl from Bath throug;h Cirencester and Oxford to 
Buckingham, and tlicnce ])y Kettering and Stamford to Lincoln, 
afhmls a good example of the unvaried sameness in the foal u its 
and culture of the soil, and in the occupations of the people, 
that attends the lino of direction, in which the oolite formatiuii 
crosses England froiti Weymouth to Scarborou;i;h. 

The road from Dorchester, hy Bland ff>rd and S ilisbiiry, to 
Andover and Basingstoke, or from Dunstable to Uoyston, (Cam- 
bridge, and Newmarket, affords similar examples of the dull uni- 
formity that we observe in a journev alonu the line of iH'ariiiii 
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of our population, their varied occupations, 
and the fundamental sources of their industry 
and wealth, depend, in a great degree, upon 
the geological character of the strata on which 
they live. Their physical condition also, as 
indicated by the duration of life and health, 
depending on the more or less^ salubrious 
nature of their employments; and their moral 
condition, as far as it is connected with these 
employments, are directly affected by the geolo- 
gical causes in which their various occupa- 
tions originate. 

From this example of our own country, wo 
learn that the same constituent materials of the 

of the chalk, from near Bridport on the coast of Dorset, to 
Flam borough Head on the coast of Yorkshire. 

Ill the same line of direction, or line of hearing of the strata 
across England, a journey might be made from Lyme Regis to 
Whitby, almost entirely upon the lias formation ; and from 
Weymouth to the Humber, without once leaving the 0.x ford clay. 
Indeed almost any route, taking a north-east and south-west 
direction across England, will for the most part pass continu- 
ously along the same formation ; whilst a line from south-east to 
nortli-west, at right angles to the former, will nowhtjre coutimie 
on the same stratum beyond a few miles. Such a line will give 
the best information of the order of superposition, and various 
conditions of the very numerous strata, that traverse our island in 
a succession of narrow belts, the main direction of which is nearly 
north-east and soutli-west. This line has alForded to Mr. Co- 
nybeare the instructive sectiou, from Newhaveii near Brighton, 
to Wliitehaven, publishc'd in his Geology of England and 
Wales; along whieli nearly seventy changes in the character of 
the strata take place. 
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earth are not uniformly eontiniious in all direc- 
tions over large superficial areas. In one district, 
we trace the course of crystalline and granitic 
rocks ; in another, we find mountains of slate ; 
in a third, alternating strata of sandstone, shale, 
and limestone ; in a fourth, beds of conglomerate 
rock ; in a fifth, strata of marl find clay ; in a 
sixth, gravel, loose sand, and silt. The subor- 
dinate mineral contents of these various forma- 
tions are also different ; in the more ancient, 
are veins of gold and silver, tin, copper, lead 
and zinc ; in another series, we find beds of 
coal ; in others, salt and gy]>siim ; many are 
composed of freestone, fit for the purposes of 
architecture; or of limestone, useful both for 
building and cement ; others of clay, conver- 
tible by fire into inalerials for building, and 
pottery : in almost all we find that most im- 
portant of mineral productions, iron. 

Again, if wc look to the great j)henoineini of 
physical geography, the grand distributions of 
the solids and fluids of the globe; the disposition 
of continents and islands above and amidst the 
waters ; the depth and extent of seas, and lakes, 
and rivers ; the elevation of hills and mountains ; 
the extension of plains ; and the excavation, de- 
pression, and fractures of valleys; wc find them 
all originating in causes wdiicli it is the province 
of Geology to investigate, 

A more minute examination traces the pro- 
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gress of the mineral materials of the earth, 
through various stages of change and revolution, 
affecting the strata which compose its surface ; 
and discloses a regular order in the superposi- 
tion of these strata ; recurring at distant inter- 
vals, and accompanied by a corresponding regu- 
larity in the order of succession of many extinct 
races of animals and vegetables, that have fol- 
lowed one after another during the progress of 
these mineral formations ; arrangements like 
these could not have originated in chance, since 
they afford evidence of law and method in the 
disposition of mineral matter ; and still stronger 
evidence of design in the structure of the organic 
reinnins with wJiich the strata are intcrspersiul. 

How then has it happened tluit a science thus 
important, comprehending no less than the 
entire physical history of our planet, and whose 
documents are coextensive with the globe, 
should have been so little regarded, ami almost 
without a name, until the commencement of 
the present centuiy ? 

Attempts have been made at various periods, 
both by practical observers and by ingenious 
speculators, to establish theories respecting the 
formation of the eartli ; these have in great part 
failed, in conse(|uence of the then imperfect 
state of those subsidiary sciences, which, within 
the last half century, have enabled the geologist 
to return from the region of fancy to that of 
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lacts, and to establish his conclusions on the 
firm basis of philosophical induction. We now 
approach the study of the natural history of the 
globe, aided not only by the higher branches 
of Physics, but by still more essential recent 
discoveries, in Mineralogy, and Chemistry, in 
Botany, Zoology, and Comparative Anatomy. 
By the help of these sciences, we are en- 
abled to extract from the archives of the 
interior of the earth, intelligible records of for- 
mer conditions of our planet, and to decipher 
documents, which were a sealed book to all 
our predecessors in the attempt to illustrate 
subterranean history. Xhiis enlarged in its 
views, and jirovided with lit means of pursuing 
them. Geology extends its researches into re- 
gions more vast and remote, than conu^ within 
the scope of any otJier physical science except 
Astronomy. It not only comprehends the en- 
tire range of the mineral kingdom, but in- 
cludes also the history of innumerable extinct 
races of animals and vegetables; in each of 
which it exhibits evidences of design and con- 
trivance, and of adaptations to the varying con- 
dition of the lands and waters on which they 
were placed ; and besides all these, it discloses 
an idtcrior prospective accommodation of the 
mineral elements, to existing tribes of plants and 
animals, and more especially to the uses of man. 
Evidences like these make up a history of a high 
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and ancient order, unfolding records of the ope- 
rations of the Almighty Author of the Universe, 
written by the finger of God himself, upon the 
foundations of the everlasting hills. 


Chapter II. 

Consistency of (Ivologicnl fyiscoveriitt with 
Sacred History, 

It may seem just matter of surprise, tliat 
many learned and religious men should regard 
witli jealousy and suspicion the study of any 
natural phenomena, which abound with jn’oofs 
of some of the highest attributes of the Deity ; 
and should receive with distrust, or total in- 
credulity, llie announcement of conclusions, 
which the geologist deduces from careful and 
patient investigation of the facts which it is 
liis province to explore. These doubts and 
ditliculties result from the disclosures made by 
geology, respecting the lapse of very long periods 
of time, before the creation of man. Minds 
which have been long accustomed to date the 
origin of the universe, as well as that of the 
human race, from an era of about six thou- 
sand years ago, receive reluctantly any infor- 
mation, which if true, demands some new 
modification of their present ideas of cosino- 
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gony; and, as in this respect, Geolog\" has 
shared the fate of other infant sciences, in 
being for a while considered hostile to revealed 
religion ; so like them, when fully understood, 
it will be found a potent and consistent aiix~ 
iliary to it, exalting our conviction of the Power, 
and Wisdom, and Goodness of the Creator.* 

No reasonable man can doubt that all the 
phenomena of the natural world derive their 
origin from God ; and no one who believes the 
Bible to be the word of God, has cause to fear 
any discrepancy between this, his word, and the 
results of any discoveries respecting the natnre^ 
of Ins works ; but the early and deliberative 
stages of scientific discovi'ry are always thos(i 
of ])erplexity and alarm, and during these stages 
the human mind is naturally cireimispect, and 
slow to admit new conclusions in any depart- 
ment of knowledge. The prejudiced jicrsecntors 
of Cialileo apprehended danger to religion, from 


* litre et liujusmodi ca'lonim plianioinma, ad r'pocham 
scxniilloniicm, stdvis natur.r a'gTt\ rcvocari possunt. 

Quill fatriiduin crit potius non candem fuisse ori{.onem, neipic 
cotrvain, Telluris nostra) et tolius Universi : sive Intcllectiialis, 
sive Cor})orei. Necpie miruin vidcri dobet liuec non distinxissc 
Mosoni, aut Universi ori^inerii non traetasse seorsim ab ilia 
niiindi nostri sublunaris : Ha’C enim non distinq;iiit po[mIus, aul 
separatim ojstirnat. — Rccte i<»itur liCgislator sapientissimns pbilo- 
sophis reliquit id nei^otii, ut ubi inaturuerit ingeuiuni buinunum, 
per trtatem, iisuin, et observationes, opera Dei alio ordinc dige- 
rnrent, perfectionibus diviiiis atque reniin naliirtr adaptuto.- 
Bnrnci's Arch(Poloji(e P hilosophica:, viii. p. 300. dto. 1692. 
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the discoveries of a science, in which a Kepler,* 
and a Newton found demonstration of the most 
sublime and glorious attributes of the Creator. 
A Herschel has pronounced that ‘‘ Geology, in 
the magnitude and sublimity of the objects of 
which it treats, undoubtedly ranks in the scale of 
sciences next to astronomy and the history of 
the structure of our planet, when it shall be fully 
understood, must lead to the same great moral 
results tJiat have followed the study of the me- 
chanism of the lieavens ; (Jeology has already 

Kepler concludes one of liis astronomical works with the 
fallowiit^' prayer, wliicli is thus translated in the Christian 
Observer, Aw^\ 1834, p. 41).0. 

** It remains oidy that 1 should now lift \ip to heaven my eyes 
and hands from the table of my pursuits, and humbly and de- 
voutly supplicate tbe Father of li^'lits. O thou, who by the 
light (jf nature dost enkindle in us a desire after the light of 
grace, that by ll)is thou niaysl translate us into the light of glory ; 

I give thee thanks, O Lord and Creator, that thou hast glad- 
dened me by thy creation, wlien 1 wds cniai)iured by the work 
of thy hands. Behold, I leave here oonij)l('ted a work of my 
calling, with as much of intellectual strength as thou hast granted 
me. 1 have declared the praise of thy works to the men who 
will read the evidences of it, so far as my linite spirit could com- 
prehend them in their infinity. My mind endeavoured to its 
utmost to reach the truth by philosophy; but if any thing 
unworthy of thee has been taught by me — a worm born and 
nourished in sin — do tliou teach me that 1 may correct it. Have 
I been seduced into presumption by the admirable beauty of thy 
works, or have I sought my own glory among men, in the coii- 
structioi* of a work designed for thine honour? O then gra- 
ciously and mercifully forgive me ; and finally grant me this 
favour, that this work may never be injuiious, but may conduce 
to thy glory and flic cood of m>u1s.’' 
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proved by physical evidence, that the surface of 
the globe has not existed in its actual state from 
eternity, but has advanced through a series of 
creative operations, succeeding one another at 
long and definite intervals of time ; that all the 
actual combinations of matter have had a prior 
existence in some other state; and that the ulti- 
mate atoms of the material elements, through 
whatever changes they may have passed, are, 
and ever have bec'ii, governed by laws, as regular 
and uniform, as those which hold the planets in 
their course. All these results entirely accord 
with the best feelings of our nature, and with 
our rational conviction of the grcatiu'ss and 
goodness of the C'r(‘ator of the uuiverKse; and 
the reluctance with which evidences, of such 
high importance to natural theology, Juive been 
admitted by many persons, who arc sincerely 
zealous for the inten sts of religion, can only he 
explained by tJi(;ir want of accurate information 
in pliysical science ; and by tlieir ungrounded 
fears lest natural phenomena shoidd prove in- 
consistent with the account of creation in the 
book of (ienesis. 

It is argued unfairly against Geology, that l)c- 
cause its followers are as yet agreed on no com- 
plete and incontrovertible theory of the earth ; 
and because early oi)inions advanced on imper- 
fect evidence have yielded, in succession, to more 
extensive discovcru‘s; therefore nothing certain 
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is known upon the whole subject ; and that all 
geological deductions must be crude, unauthen- 
tic, and conjecturak 

It must be candidly admitted that the season 
has not yet arrived, when a perfect theory of 
the whole earth can be fixedly and finally estab- 
lished, since we have not yet before us all the 
facts on which such a theory may eventually be 
founded ; but, in the mean while, we have abun- 
dant evidence of numerous and indisputable phe- 
nomena, (^acli establishing iinj)ortant and unde- 
niable conclusions; and the aggregate of these 
conclusions, as they gradually accmniilate, will 
Ibrm the ])asis of future theories, each more 
and more nearly approximating to perfection ; 
the first, and second, and third story of our 
edifice may be soundly and solidly consirucled; 
although time must still (dapse before the 
roof and pinnacles of the perfect building can 
bo completed. Admitting therefore, tliat we 
have yet much to learn, we contend that much 
sound knowl(‘dge has been alre ady acquired ; 
and we j)roti*st against the rejection of estal)- 
lished parts, because the whole is not yet made 
perfect. 

It was assuredly prudent, during the infancy 
of Cieology, in the inimaturo state of those jdiy- 
sical sciences Avhich form its only sure foun- 
dation, not to enter upon any comparison of 
the INlosaic accoiuit of creation with the struc- 
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ture of the earth, then almost totally nn- 
knoMm ; the time was not then come when the 
knowledge of natural phenomena was siiffii i- 
ently advanced to admit of any prolitablc in- 
vestigation of this question ; but the discoverie s 
of the last half century liave been so extensive 
in this dej)artiiient of natural knowledge, that, 
whether we will or not, the subject is now forced 
upon our consideration, and can no longer es- 
cape discussion. The truth is, that all observers, 
however various may be their speculations, re- 
specting the secondary causes l)y which geolo- 
gical phenomena have been brought about, are 
now agreed in admitting the la])se of very long 
jHiriods of tiiiie to have been an essential condi- 
tion to the production of these phenomena. 

It may therefore l)c })roper, in this part of our 
eiupiiry, to consider how lar the brief account of 
creation, contained in the Mosaic narrative, can 
be shown to accord with those natural phe- 
nomena, whicli will come under consideration 
in the course, of the present essay. Indeed 
some examination of this (juestion seems in- 
dispensable at the very threshold of an invis- 
tigation, the subject matter of which will he. 
derived from a series of events, fur the iiiost part, 
long antecedent to the creation of the human 
species. I trust it may be shown, not only that 
there is no inconsistency between our interpreta- 
tion of the phenomena of nature and of the Mo- 
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saic narrativ<^ but that the results of geological 
enquiry throw important light on parts of tiiis 
history, which are otherwise involved in much 
obscuriiy. 

If the suggestions I shall venture to propose 
require some modific^ation of the most commonly 
received and popular interpretation of the Mo- 
saic narrative, this admission neither involves 
any impeachment of the authenticity of the text, 
nor of the judgment of those who have formerly 
interpreted it otherwise, in tlm absence of infor- 
mation as to facts which have but recently been 
brought to light ; and if, in this res])ect, geology 
should seem to reejuire sonu^ little concession 
from tiie literal interjweter of scripture, it may 
fairly be lield to atlbrd amjdc' compensation 
for this demand, by tin* large additions it has 
mad(^ to the evidences of natural religion, in 
a departnuait where revelation was not designed 
to give information. 

The disap])ointment of those who look for a 
detailed account of geological phenomena in 
the Bible, rests on a gratuitous expectation of 
finding there in historical information, respecting 
all tiui operations of the (^renter in times and 
places Milh which tlie human race has no con- 
cern ; as re asonably might Me object that the 
Mosaie* history is impeTfe'e*t, because it makes no 
speeiiie mention of ilie satellites of Jupiter, or 
the rings of Saturn, as fe^ I disappointment at 
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not finding in it tlie history of geological phe- 
nomena, the details of which may be fit matter 
for an encyclopedia of science, hut are foreign 
to the objects of a volume inte nded only to be 
a guide of religious belief and moral conduct. 

We may fairly ask of those persons who con- 
sider i)hysi('al science a lit subjec t for revelation, 
what point they can imagine short of a com- 
munication of Omniscience, at which sucl) a reve- 
lation might have stoppc'd, without imperfections 
of omission, less in degree, but similar in kind, to 
that whieli tbey imjuite to tlie existing narrative 
of Moses ! A revelation of so much only of 
astronomy, as was known to Oopernieus, would 
have seemed impe rfec t altcT the discoveries of 
Newton; and a revelation of the sc:ic‘nee of New- 
ton would have appearc‘d clefc*elive to La I^lac c‘ : 
a revc'lation of all the ehemical knowledge of 
tlie eighteenth century would havci hec;n as 
deficient in comparison with the information of 
the pr(3sc*ut day, as what is now kuowui in tliis 
science will })robably ajipcnir before the termi- 
nation of another age ; in thcj wliole c irede of 
sciences, there is not one to which this argument 
may not be c'xtended, until wc should rccpiirc! 
from revelation a lull dcvc‘loi)emc‘nt of all the 
mysterious agencies that uphold the mecha- 
nism of the material woiid. Sucli a reve- 
lation might indeed be suitcid to licings of a 
more exalted order than maukind, and the at- 
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tainmcnt of such knowledge of llie works ?is 
well as of the ways of God, may perhaps iorm 
some part of our happiness in a future state ; but 
unless human nature had been constituted other- 
wise than it is, the above supposed communication 
of omniscience would have been imparted to crea- 
tures, utterly incapable of receiving it, under any 
past or present moral or .physical condition of 
the human race ; and would have been also at 
variance with the design of all God’s other dis- 
closures of himself, the end of which has uni- 
formly been, not to impart intellectual but moral 
knowledge. 

Several hypotheses have been proposed, with a 
view of reconciling the phenomena of Geology, 
with the brief account of creation which we find 
in the Mosaic narrative. Some have attempted 
to ascribe the formation of all the stratified 
rocks to the eflbcts of the Mosaic Deluge; an 
o])inion which is irrcconcileable with the enor- 
mous tliickncss and almost infinite subdivisions 
of these strata, and with the numerous and regular 
successions which they contain of the remains 
of animals and vegetables, dillering more and 
more widely from existing species, as the 
strata in whicJi we find them are placed at 
greater deptiis. The fact that a large propor- 
tion of these remains belong to extinct ge- 
nera, and almost all of them to extinct species, 
that lived and multiplied and died on or near 
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llie spots ^^he^e they are now found, shows that 
the strata in wdiich they occur were deposited 
slow ly and gradually, during long periods of time, 
and at widely distant intervals. These extinct 
animals and vegetables could therefore have 
formed no part of the creation with which we 
are immediately connected. 

It has been supposed by others, that these 
strata were formed at the bottom of tluj sea, 
during the interval betw^een the creation of man 
and the Mosaic deluge ; and that, at the time of 
that deluge, portions of tlu‘ glob(‘ which had 
been previously elevated above the level of the 
sea, and formed the ante<lihivian continents, w ere 
suddenly submerged ; while the ancient bed of 
the ocean rose to supply their phie(\ To this 
hypothesis also, the facts I shall sul)s(‘(juently 
advance offer insuperable objections. 

A third opinion has been suggested, both by 
learned theologians and by geologists, and on 
grounds independent of one another ; viz. that 
the Days of the Mosaic creation need not be 
understood to imply the same length of time 
which is now occujued by a single; re volution of 
the globe ; but successm^ periods, ( ach of great 
extent : and it has been asserted that tla^ order 
of succession of tJjc organic remains ol* a former 
world, accords with the order of creation re- 
corded in Genesis. This assertion, though to a 
certain degi’ec apparently correct, is not e ntirely 

(i. ( 
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supported by geological facts; since it appears 
that the most ancient marine animals oc cur in 
the same division of the lowest transition strata 
with the earliest remains of vegetables ; so that 
the evidence of organic remains, as far as it 
goes, shows the origin of plants and animals to 
have been contemporaneous : if any creation of 
vegetables preceded that of animals,- no evidence 
of such an event has yet been discovered by the 
rescarclies of geology. Still there is, 1 believe, 
no sound critical, or theological objection, to the 
interpretation of the word “ day,” as meaning a 
long period ; but there will be no necessity for 
such extension, in order to reconcile the text of 
(icnesis with physical appearances, if it can be 
shown that the time indicated by the phenomena 
of Cicology* may be found in the undefined 
interval, following the announcement of the first 
verse. 

In my inaugural lecture, published at Oxford, 
1820, pp. 31, 32, 1 have stated my opinion in 

* A very inieivstiiig treatise on the Consistency of Geology 
with Sacred History has recently been publislied at Newhaven, 
1833, by Professor SiUimaii, as a supplement to an American 
edition of Bakcwell’s (}eolegy, 1833. The author contends that 
the period alluded to in the first verse of Genesis, “ In the be- 
ginning,” is not necessarily connected with the Hrst day, and that 
it may be regarded as standing by itself, and admitting of any 
extension backward in time whicli the facts may seem to rerpiire. 

He is further disposed to consider the six days of creation as 
periods of time of indefinite length, and that the word “day” is 
not of necessity limited to twenty-four hours. 
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fuvour of the hypothesis, “ which supposes tlie 
word beg innings' as applied by Moses in the 
first verse of the book of Genesis, to express an 
undefined period of time, which was antecedent 
to the last great change that atlected the surface 
of the earth, and to the creation of its present 
animal and vegetable inhabitants ; during which 
period a long series of operations and revolutions 
may have been going on; which, as they are 
wholly unconnected with the history of the 
human race, are passed ovi r in silence by the 
sacred historian, wdiose only concern with them 
w^as barely to state, that the matter of tlie uni- 
verse is not eternal and self-existent, but was 
originally created by the power of the Al- 
mighty/’ 

1 have great satisfaction in finding that the 
view^ of this subject, which I have here ex])ressed, 
and have long entertained, is in j)erfect ac- 
cordance with the highly valiiabh; opinion of 
Dr. Chalmers, recorded in the iollow ing passag(‘s 
of his Evidence of the ('liristian Revt laliou, 
chap. vii. : — ‘‘ Does Moses ever say, tliat w hen 
God created the heavens and the earth he did 
more, at the time alluded to, than transform 
them out of previously existing materials ? Or 
does he ever say that there was not an interval 
of many ages between the first act of creation 
described in the first verse of the Book of (ge- 
nesis, and said to have been performed at tin* 



tiO CONSISTENCY OF (iEOLOOlCAL 

heginnmg^ and those more detailed operations, 
the account of wliich commences at the second 
verse, and which are described to us as having 
been jierformcd in so many days? Or, finally, 
does he ever make us to understand that the 
genealogies of man went any farther than to fix 
the antiquity of the species, and, of conse- 
quence, that they left the antirpiitj^ of the globe 
a free subject for the speculation of philo- 
sophers ? ” 

Jt has long been matter of discussion among 
learned theologians, whetlnT the first verse 
of Genesis should be considertKl prospectively, 
as containing a summary announcement of that 
new creation, the details of which follow in the 
record of the operations of the six successive 
days; or as an abstract statement that the 
heaven and earth were made by God, witliont 
limiting the period when that creative agency 
was exerted. Tlie latter of these opinions is 
in perfi'ct harmony with the discoveries of 
Geology. 

The Mosaic narrative commences with a de- 
claration, that “ In the beginning God created 
the heaven and the earth/’ These few first 
words of Cicnesis may be fairly ajipealed to by 
the geologist, as containing a brief statement 
of the creation of the material elements, at a 
time distinctly preceding the operations of the 
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fii'sl day : it is nowhere affirmed that God cre- 
ated the heaven and the earth in the first dot/, 
but in the beginniM^' ; this beginning may have 
been an epoch at an unmeasured distance, fol- 
lowed by periods of undelined duration, during 
which all the physical operations disclosed by 
(Jeology were going on. 

The first verse of Genesis, therefore, seems 
explicitly to assert the creation of the Ibiiverse; 
“ the heaven, ' including the sidereal systems 
“ and the earth, ’ more especially specifying 
our own planet, as the subseipient scene of the 
o[)erations of the six days about to be described ; 
no information is given as to events whicJi may 
have occurred upon this cartli, unconnected witli 
the liistory of man, between the ( rtation of its 
component matter recorded in the first verse, 
and the era at which its histoiy is resumed 
in the second verse; nor is any limit fixed 
to the time during which these intermediate 
events may have been going on : millions of 
millions of years may have occupied the inde- 
tinite interval, between the beginning in wliich 
God created the heaven and the earth, and the 


The Hebrew plural word, shainairny Gen, i. 1, translated 
heaven, means etymologically, tlic liigher regions, all that seems 
above the earth ; as we say, God ulxm;, (iod on higli, God in 
heaven ; meaning thereby to express the presence of the Deity 
in space distinct from this earth. — E. B. Pus(*y. 
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evening or commencement of the first day of the 
Mosaic narrative.* 

The second verse may describe the condition 
of the earth on the evening of this first day ; (for in 
the Jewish mode of computation used by Moses, 


* I have much satisfaction in subjoining the following note 
by my friend, the Regius Professor of Hebrew in Oxford, as 
it enables me to advance the very important sanction of Hebrew 
critiidsm, in support of the interpretations, by which we may recon- 
cile the apj)arent difficulties arising from geological phenomena, 
with the literal interpretation of the first chapter of Genesis. — 
“ Two opposite errors have, I think, been committed by critics, 
with regard to the meaning of the word hara^ created ; the one, 
by those who asserted that it must in itself signify “created out 
of nothing;” the other, by those who endeavoured, by aid of 
etymology, to show that in itself signify “formation out 

of existing matter.” In fact, neither is the casf) ; nor am I aware 
of any language in which there is a word signifying necessarily 
“ created out of nothing;” as of course, on the other liand, no 
word when used of the agency of God would, in itself, imply the 
previous existence of matter. Thus the English word, create, by 
which bnra is translated, ex})resses that the thing created received 
its exi'itence from God, without in itself conveying whether God 
called that tiling into existence out of nothiny, or no ; for our 
very addition of the words “ out of nothing,” shows that the word 
creation has not, in itself, that force: nor indeed, when we speak 
of ourselves as creatures of God’s hand, do wc at all mean that 
vre were physically formed out of nothing. In like manner, 
whether bant sliould be paraphrased by “ created out of nothing” 
(as far as wc can- comprehend these words), or, “ gave a new 
and distinct state of existence to a substance already existing,’" 
must depend upon the context, the circumstances, or what God 
has elsewhere revealed, not upon the mere force of the wmrd. 
This is plain, from its use in Gen. i. 'll , of the creation of man, 
who, as wc are instructed, chap. ii. 7, was formed out of previ- 
ously existing matter, the ‘ dust of the ground.’ The word bara 
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each (lay is reckoned from the bcginniun; of oiu^ 
eveniitg* to the beginning of anotlier evening). 
This first evening may be considered as the ter- 
mination of the indefinite time which followed 
the primeval creation announced in the fimt 

is indeed so far stronger than amh^ ** made,” in that burn can 
only be used with reference to God, whereas asali maybe applied 
to man. The difference is exactly that which exists in English 
between the words by which they are rendered, ‘‘created” and 
“ made.” But this seems to me to belong rather to our mode of 
conception than to tlie subject itself; for making, when spoken 
of with leferenoe to God, is equivalent to creating. 

Tlie w'ords accordingly, bara, cnaird — asah, made — yalsar, 
joruicdy arc used repeatedly by Isaiah, and are also em[)i()yed by 
Amos, as equivaU'iit to each other. lUirn and (fs((h express alike 
a lonmitioii of something new' (do novob sornr'thing whose e,Mst- 
ence in this new state originated in, and depends entirely iqxm 
Uie w’ill of its creator or maker. Tlius God speaks of Himself as 
the Creator “ borce' of the dewhsh peo]>le, e. //. Isaiah xliii. 
1,15; and a new' event is spoken of under tlu' same term as “ a 
creation,” Numb. xvi. 30, Englisli version, ‘‘ II’ tlie Lord make a 
new^ thing:” in the margin, Heb. “ create a mature.” Again, 
the Psalmist .ises the same word, Ps. eiv. 30, wlnai deseriliing 
the renovation of the face of the earth through tlie Mieeessive 
generations of living creatures, “Thou seiidest forth thy spirit, 
they are created ; and thou renewest tlu' face of the (raitii.” 
The question is popularly treated by Beausobre, Hist, de Mani- 
cheisme, tom. ii. lib. 5, c. 4; or, in a better spirit, by Petavius 
Dogm. Theol, tom.'iii. dc opificio sex dierum, lib. 1, e. I, § 8. 

After having continually le-rcad and studied this ac<!onnt, 1 
can come to no other result than that the w^ords “created” and 
“made” are synonymous, (although the former is to us the 
stronger of the two), and that, because they arc so constantly in- 
tcrchanged ; a.s, Gen. i. ver. 2 i , “ ( iod created great whales ver. 
‘25, “ God made the beast of the earth ver. 26, “ Let us make 
man ver. 27, “ So God created man.” At (he same lime it is 
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verse, and as the commencement of the first of 
the six succeeding days, in which the earth was to 
be fitted u[>, and peopled in a manner fit for tlie 
reception of mankind. We have in this second 
verse, a distinct mention of earth and waters, as 

very proba])le that bara,“ created,'' as beiii<^ the stronger word, was 
selected to describe tlie first production of the heaven and the earth. 

The point, howev(;r, upon which the interpretation of the first 
(‘hapter^of Genesis appears to me reatlij to turn, is, whether the 
two first versLS are merely a summary statement of what is related 
in detail in the rest of the chapter, and a sort of introduction to 
it, or whether they contain an account of an act of ideation. And 
tliis last seems to me to be their true interpretation, first, because 
there ivS no other account of the creation of the earth ; secondly, the 
second verse describes the conditi(in of the earth when so created, 
and thus prej)ares lor the account of the work of the six days; but 
if they speak of any creation, it appears to me that this creation 
“ in the beginning” was previous to the six days, because, as you 
will observe, the creation of (;ach day is preceded by the declara- 
tion that God said, or willed, that such things should be (“ and 
God said”), and tluncfore the very form of the narrative seems to 
imply that the creation of the first day began when these w^ords are 
first used, i.e. with tlui creation of light in ver. 3. .The time then of 
the creation in ver. 1 a[)p<'ars to me not to be defined : we are told 
only what alone we are concerned with, that all things were made 
by God. Nor is this any new opinion. Many of the fathers 
(they are rpioted by Petavius, L c. c. 11, § i. — viii.) supposed the 
two first verses of Gciu'sis to contain an account of a distinct and 
prior act of creation ; some, as Augustine, Thcodoret, and others, 
that of the creation of matter ; others, that of the elements ; 
others again (and they the most numerous) imagine that, not 
t]\ese visible heavens, but what they think to be called elsewhere 
“ the highest heavens,” the “ hea\eu of heavens,” are here spoken 
of, our visible heavens being related to have been created on the 
second day. Petavius himself regards the light as the only act 
of creation of the first day (c. vii. “ dc opere primec diei, i. c. 
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already existing, and involved in darkness; 
their condition also is described as a state of 
confusion and emptiness, {tohu hohu), words 
which are usually interpreted by the vague and 
indefinite Greek term, “chaos,’’ and which may 

luce”), considering' the two fiist verses as a summary of the ae- 
count of creation which was about to follow, and a general de- 
claration that all things were made by God. 

Kpiscopius again, and others, thought that the creation and 
fall of the bad angels took place in the interval here sj)okeu of: 
and misidaccd as such s])eculations arc, still they seem to show 
that it is natural to suppose that a considerabh' iut(Tval may have 
taken place between the creation related in the first verse of Ge- 
nesis and that of which an account is givam in the third and fol- 
lowing verses. Accordingly, in some old editions of the Kuglish 
Bible, wluirc there is no division into verses, you actually find a 
break at the end of what is now the second verse ; and in Lu- 
ther’s Bible (Wittcuburg, ir>.07) you have in addition the figure' I 
placed against the third verse, as being the lu'ginning of the 
account of the creation on the first day. 

This then is just the sort ol’ confirmation which one wished for 
because, though one would shrink from the impiety of hemling 
the Innauage of fiod’s hook to any othci than its obvious mean- 
ing, we can not help fearing lest wc miglit be unconsciously 
intluenced by the floviting opinions of our own day, and therefore 
turn the more anxiously to those who explained Holy Scri[)turc, 
before these theories existed. You must allow me to add that I 
W^ould not define further. We know' nothing of crtnition, nothing 
of ultimate causes, nothing of space, except what is hounded by 
actual existing bodies, nothing of time, but what is limited by the 
revolution of those bodies. I should be very sorry to appear to 
dogmatize upon that, of which it requires very little reflc'ction, fir 
reverence, to confess that we arc necessarily ignorant. Hardly 
do we guess aright of things that are upon earth, and with labour 
do we find the things that are before us ; but the things that arc in 
heaven who hath searched out ?” — Wisdom, ix. HI. — B. Pusey. 
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he geologically considered as designating the 
wreck and ruins of a former world. At this 
intennediatc point of time, the preceding unde- 
fined geological periods had terminated, a new 
series of events commenced, and the work of the 
first morning of this new creation was the calling 
forth of light from a temporary darkness, whicJi 
liad overspread the ruins of the ancient earth.* ** 

We have further mention of this ancient earth 
and ancient sea in tJie nintli verse, in which the 
waters are (‘ominandcd to he i^ulhered fogelher 
ij)to one jilaee, and the dryland to appear; this 
dry land being tlio same earth whose material 
creation had bc'.c n announced in the first verse, 
and whose temporary submersion and temporary 
<larkiiess ani described in tlie sc'cond verse; tlie 
appearauee of tlie land and th(? gathering together 
of tl)e waters are the only facts affirmed re- 
specting them ijj tJie nintli verse, but neither 
land nor waters are said to have been created on 
the third day. 

A similar interpretation may be given of the 
fourteenth and four succeeding verses ; what is 

* I learn from Professor Pusoy that the words “ let there he 
Ihjht," yehl or, Gen. i, 3, by no means necessarily imply, any 

more than the English words hy which they are translated, that 
light had never existed before. They niay speak only of the 
substitution of light for darkness upon the surface of this, our 
planet : whether light had existed betore in other parts of God’s 
creation, or had existed upon this earth, before the darkness dc- 
sciibcd in v. is foreign to the purpose of the narrative. 
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herein stated of the celestial luminaries seems to 
be spoken solely with reference to our planet, 
and more especially to the human race, then 
about to be placed upon it. We are not told tliat 
the substance of the sun and moon were first 
called into existence upon the fourth day:^ 
the text may equally imply that these bodies were 
then prepared, and appointed to certain ofiices, 
of high im])ortance to mankind; “ to give light 
upon the earth, and to rule over the day, 
and over the night," “ to be for signs, and for 
seasons, and for days, and for years." The fact 
of their creation had been stated l)efore in tJic 
first verso. The stars also are mentioned (Cien. i. 
]fi) in thr(‘e words only, almost parentlu'tically ; 
as if for the sole purpose of announcing, that 
they also were made by the sann^ Powe r, as 
those luminaries which are more important to 
us, the sun and nioon.j This very slight 
notice of the countless Jjost of cc h slial bodies, 
all of which arc probably suns, the (*entres 
of other planetary systems, whilst our little 
satellite, the moon, is mentioned as next in im- 
portance to the sun, shows clearly that astro- 
nomical phenomena are here spoken of only 
according to their relative importance to (»ir 
earth, and to mankind, and without any regard 

* See notes, p. 22 ond p. 2G. 

t Tlie literal translation of the words rccih huccovahhn^ is, 
“ And the stars.” — E. E. Puscy. 
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to their real importance in the bomulh ss uni- 
verse. It seems impossible to include 1 se fixed 
stars among those bodies which are sai l (Gen. 
i. V. 17.) to have been set in the firmaoicnt of 
the heaven to give light upon the earth ; since 
without the aid of telescopes, by far the greater 
number of them are invisible. TJic same prin- 
ciple seems to pervade the description of creation 
which concerns our planet : the creation of its 
component matter having been announced in the 
first verse, the jihcnomcna of Geology, like 
those of astronomy, are passed over in silence, 
and the narrative proceeds at once to details of 
the actual creation which have more immediate 
reference to man.* 

* The I'iilowing; observations by Bishop Gleig (though, at the 
time of wn iig them, he was not entirely convinced of the reality 
of facts anil meed by geological discoveries) show his opinion of 
the facility o so interpreting the Mosaic account of creation, as 
to admit of a indefinite lapse of time prior to the existence of 
the human rac\ 

“ 1 am indetH 'Strongly inclined to believe that the matter of 
tlic corporeal iini\erse was all created at once, though different 
portions of it may have been reduced to form at very different 
periods ; when the universe was created, or how long the solar 
system remained in a chaotic state are vain enquiries, to which 
no answer can be given. Moses records the history of the earth 
only in its present state ; he affirms, indeed, that it was created, 
and that it was without form and void, when the spirit of God 
began to move on the surface of the fluid mass ; but, he does not 
say how long that mass had been in the state of chaos, or 
whether it was, or was not the wreck of some former system, 
which l\ad been inhabited by living creatures of different kinds 
fivin those which occupy the present. I say tliis, not to meet 
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The iiiterj)rctation here proposed seems more- 
over to solve the difficulty, which would otherwise 
attend the sl .itement of the appearance of light 
upon the first day, whilst the sun and moon and 
stars are noi made to appear until the fourth. 
If we suppose all the heavenly bodies, and 
the earth, to have been created at the indefi- 
nitely distant time, designated by the word be- 
ginning, and that the darkness described on the 
evening of the first day, was a temporary dark- 
ness, produced by an accumulation of dense va- 

the objection which has sometimes been urged against the Mo- 
saic cosmogony, from its representing the works of creation 
as being no more than six or seven thousand years old, for Moses 
gives no such representation of the age of those works. How- 
ever distant the period may be, and it is probably very distant, 
when God created the heavens and the earth ; there has been a 
time when it was not distant one year, one' day, or one hour. 
Those, therefore, wlio contend that the glory of the Almighty 
God manifested in his works, cannot be limited to the short 
period of six or seven thousand years, arc not aware that the 
same objection may be made to the longest period which e^an 
possibly be conceived by the mind of man. No assignable 
quantity of successive duration bears any proportion to eternity, 
and though we should suppose the c*orporcal universe to have 
been created six millions or six hundred millions of years ago, a 
caviller might still say, and with e(|ual reason, that the glory of 
Almighty God manifested in his works cannot be so limited. It 
is not to silence such objections as this, that I have admitted llie 
existence of a former earth and visible heavens to he not incon- 
sistent with the cosmogony of Moses, or indeed with any (itlier 
part of scripture, but only to prevent the faith of the pious 
reader from being unsettled by the discoveries, whether real or 
pretended, of our modern geologists. Jf these f)hiloso[)l»(‘rs liave 
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pours “upon the face of the deep;’' an incipient 
dispersion of these vapours may have readmitted 
light to the earth, upon the first day, m hilst th(' 
exciting cause of light was still obscured ; and 
the further purification of the atmosphere, upon 
the fourth day, may have caused the sun and 
moon and stars to reappear in the firmament of 
heaven, to assume their new relations to the 
newly modified earth, and to the human race.'*' 

We have evidence of the presence of light 
during long and distant periods of time, in which 

really discovered fossil ])ones that must have belonged to species 
and genera oi’ animals, which now no where exist, either on the 
earth or in the ocean, and if the destruction of these genera or 
species cannot be accounted for by the general deluge, or any 
otlier catastrophe to which we know, from authentic history, that 
our globe has lieen actually subjeeU'd, or if it be a fact, that 
towards the surface of tlu* earth are found strata, which could 
not have hci ii disjxised as they are, but by the sea, or at least 
soin(‘, watery mass remaining over them in a stale of tranquillity, 
for a much longer period than the duration of Noah’s flood ; if 
these things be indeed well useertainod, of which I arn however 
by no means convinced, there is nothing in the sacred writings 
forbidding us to sup[)ose that they are the ruins of a former 
earth, deposited ni the chaotic mass of which Moses informed us 
that God ft)nned Uu* present system. His history, as far as 
it comes down, is the history of tlie present earth, and of the 
j>riineval ancestors of its pieseiit inliabitants ; and one of tlie 
most scientitic and ingenious of geologists has clearly proved,! 
that the human race cannot be much more ancient than it 
appears to Ik* in the writings of the Hebrew lawgiver.” — Stack- 
house s Bible, by Bishop Gleiu, p. (i, 7, 1816. 

See note, p. ‘26. 

I See (hivier’s Essun on the Theory of the li)arth. 
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the many extinct fossil forms of animal life 
succeeded one another upon the early surface of 
the globe : this evidence consists in the petrified 
remains of eyes of animals, found in geological 
formations of various ages. In a future chijpter 
I shall show, that the eyes of Trilobitcs, which 
are preserved in strata of the transition forma- 
tion, (PL 45, Figs. 9, 10, 11), were constructed 
in a manner so closely resembling those of ex- 
isting Crustacea ; and that the eyes of Ichthyo- 
sauri, in the lias, (PL 10, Figs. 1, -2), contained 
an apparatus, so like one in the eyes of many 
birds, as to leave no doubt that these fossil eyes 
were optical instruments, calculated to receivi', in 
the same manner, impressions of the same light, 
which convoys the perception of sight to living 
animals. This conclusion is furtlier confirnu d 
by the general fact, that the heads of all Ibssil 
fishes and fossil reiitiles, in every geological for- 
mation, are furnish('d witJi cavities for the re- 
ception of eyes, and with p('rforations for the 
passage of optic nervt^s, although tlu^ cases arc 
rare, in which any part of the eye itself has been 
jirescrved. The influence of light is also so 
necess'ciry to the growth of existing vegetables, 
that we cannot but infer, that it was ecpially 
essential to the development of the numerons 
fossil species of the vegetable kingdom, which 
are coextensive and coeval with the remains of 
fossil animals. 
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It appears highly probable from recent disco- 
veries,* that light is not a material substance, but 
only an effect of undulations of ether; that this 
inlinitely subtle and elastic ether pervades all 
space, and even the interior of all bodies ; so 
long as it remains at rest, there is total dark- 
ness ; whcii it is put into a peculiar state of 
vibration, the sensation of light is produced : 
this vibration may be excited by various causes ; 
e. g. by the sun, by the stars, by electricity, com- 
bustion, &c. If then light be not a substance, 
but only a scries of vibrations of ether, i. e. 
an effect producid on a subtile fluid, by the 
excitement of one or many extraneous causes, it 
can hardly be said, nor is it said, iji Gen. i. 3, to 
have been though it may be literally 

said to be called into action. 

Lastly, ill the ref(Tence made in the Fourth 
Gommandmcnl, Kxod. xx. 11, to the six days of 
the Mosaic cr(?ation, the uord (fsa/i, “ made, " is 
the same which is used in (ien. i. 7, and Gtui. i. 
1(), and which has been shown to be less strong 
and less comjirehensive than iara, “ created ; ’ 
and as it by no means necessarily implies crea- 
tion out of nothing, it may be here employed 

For ii gi’iirral statoiumt of the unci ulatory theory of light, 
sec Sir John llcrselu’ll, ait. TJght, part iii. sec. 2. Encyc. 
Metrojx)!. See also Piofessor Airy’s Matheinalioal Tracts, 2n(l 
edit. 18J1, p. 2 1!); and Mrs. Somerville’s Connexion of the 
Physical Sciences, 1834, p. 18J. 

I See Note, p. 2(), 
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to express a new arrangement of materials that 
existed before.* 

After all, it should be recollected that the 
question is not respecting the correctness of the 
Mosaic narrative, but of our interpretation of it; 
and still further, it should be borne in mind that 
the object of this account was, not to state' in what 
mauiicr.hwihy the Axorld was iujule. As 

the prevailing tendency of men in iJiose e^arly 
days was to worship the most glorious ohje'cts of 
nature, namely, the sun and moon and stars; it 
should seem to have been one important point in 
the iNIosaic account of creation, to guard the Is- 
raelites against the Polytluism and idolatry of 
the nations around them ; by announc ing that all 
tiic se magnificent cc k'slial bodic'S we re noChjds, 
but the works of One' Almighty ('relator, to whom 
alone the worsliij) of mankind is due*. I 


See Note, p. 'Z'l. 

i Hnviiip: thus lur ventured to ent('r into u sc riiis of explana- 
tions, which I think will ii'eoiieili* even the letU'r of tlu' tevi of 
Gen(*sis with tlic phenomena of e^eolo^v, 1 forbear to say muie 
on tills im})ortant subject, and have niiu li satisfaction in hcini^ 
abl(‘ to refer niy readers to some admirable articles in the Chris- 
tian e>bserver (May, Juru’, July, Auy;ust, 18d4)*for a very ul^le 
and comprehensive summary of the presc'nt stale of this ques- 
tion ; explaining the difhculties with whii h it is surrounded, and 
offering many tetrqierate and judimous sup,^’estions, as to tlu' 
spirit iu which investij^ations of this kind ou^ht to be coiKlneied. 
I would also refer to Bishop 1 lorsley’s Stumons, Svo, 181b, vnh 
iii. ser, 39 ; to Bishop Bird Sumner’s Records oi' CVeatioii, vol. ii. 
p. 35() ; Doug^las’s Errors regardin'^ Religion, 1830, p. 261-2G4, 
G. D 
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Proper Subjects of Geological Enquiry. 

The history of the earth forms a large and 
complex subject of enquiry, divisible at its out- 
set, into two distinct branches ; the first, com- 
prehending the history of unorganized mineral 

on the Mosaieal and Mineral Geologies, 1832 ; and 
more especially to Professor Sedgwick’s clotpient and admirable 
discourse on the Studies of the University of Cainhridge, 1833, in 
which he has most ably pointed out the relations which Geology 
bears to natural religion, and thus sums up his valuable opinion 
as to llie kind of information we ought to look for in the Bible: 

'fhe Bible instincts ns that man, and otlaa' living things, have 
been jdared but a few years upon the eaitli ; and the physical 
inunuinents f)f tlie world bear witness to the same truth : if the 
astronomer tells us ol’ myriads of worlds not spoken of in the 
sa(‘red records; the geologist, in like manner, ])roves (not by 
arguments from anah/gy, l>nt by the incontrovertible evidence of 
physical phenomena) that thero were former eonditions of our 
j)lauet, st'parated from each other by vast intervals of time, 
during which man, and the otluT creatures of Ids own date, had 
not l)een called into being. Periods such as these belong not, 
thort'forc, to tb<^ mor.d Ifisloiy of our race, and come neither 
within the letter nor the spirit oi’ revidation. Between the first 
creation of the earth and that day hi which it pleased God 
to ]>lace man upon it, who shall dare to define the interval? 
On this (picslion scripture i-^ silent, but tluit silence destroys not 
the meaning of those physical monuments of his power that God 
has put before our eyes, giving us at the same time faculties 
w hereby we may interjirct them and comprehend their meaning.” 
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i\r> 

and of the various changes tUrougli 
\t \ias advviwced, from t\\e ctcatAOW oi 
component elements to its actual condition ; tl)o 
second, embrncing the past history of (he animnl 
and vegetable kingdoms, and the successive 
modiiications which these two great de])nrnnoiit.s 
of nature have undergone, during the chemical 
and mechanical operations that have aiVccted 
tlie surface of our planet. As llu^ study of both 
these branches forms tlie subjec t of the science 
of (icology, it is no less imi)ortant to examine 
the nature and action of the ])hjsical forces, 
tliat have alh'Cted unorganized mine ral bodies, 
than to investigate the laws of lif(‘, and varied 
conditions of organization, lliat prevaile d while 
the crust of our glol)e was in process ol* for- 
matioii. 

Bc'fore we enter oji the history of fossil 
animals and V(‘g(‘tal)les, w(‘ must tluTcdbrc* first 
briefly review tli(‘ juogn ssivi' Magc'S of mineral 
formations; and see how far w(‘ eaii discover 
in the cliemical constitution, and mechanical 
arrangement of the materials of the cartli, 
proofs of general prosjxrtive ndaj)tation to the 
economy of animal and vegetable^ life. 

As far as our planet is concerned, the fii'st act 
of creation seems to have consisted in giving 
origin to the elements of the material world, 
These inorganic elements appear to have re- 
ceived no subsequent addition to their munber, 
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and to linvc inidcr^one no alteration in their 
nature and ((ualities ; hut to have been siib- 
niitted at their c reation to the seli* same law s that 
reguiale llu ir aetnal condition, and to have con- 
tinued subject to these laws durinir (‘very suc- 
<'eedini» jxa’iod ol‘ j^eolouic-al ( Jumue. Th(‘ >ame 
( leuK'iils also wliieh ( uUt the composition ui’ 
(‘xistini* animals ami ])lants, appear to liave 
jK'rlornuMl similar 1‘unclions in the? (‘conomy oi 
many suc‘c(‘ssiv(‘ animal and \ej^c table crea- 
tions, 

in tracing tlu‘ history of these* natural phe- 
nomena NM* ente r at ome into tin* consideration 
of (ii'olo^ical Dynamics, includinu tin* natun* 
and juode of o|)cration <»1‘ all kinds ol’ plijsical 
agents, that ha\t; at any time, and in any 
ncanner, a(le< led tin* surface* and interior of tlic* 
(‘urth. In tin* foremost rank oi these* aaents, we 
hiid lare and W aler, those two universal and 
njioht\ antaa‘<)id/in^* for<‘es, which have most 
mater ially inllucru'cd the* condition of th(‘ globes 
and which man also has convcTtccl into the; most 
cdlicicrit inslrnimrits of his power, and obedient 
anxiliajics of his imr hanical and cliemical and 
(a d i n ar y i )perat ions. 

TJie state c>f the ingredients of crystalline 
rocks has, in a great tlegive, lunn influenced 
by chemical and cdcx tro-magnelic forces ; whilst 
that of stratified sedimentary deposits lias re- 
sulted chiefly from the mechanical action of 
moving water, and has occasionally been modi- 
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lied hy large udini\tiiri‘s of animal and veg<‘~ 
tabl(‘ remains. 

As tln^ action of all these fon'cs will In' rcn- 
dered most intelliuible by examples of their 
el!e(‘ts, ! at oma' refer my roadi rs for a synopti(* 
view of them, to tlu' s(‘etion Inch forms tlu' lirst 
of my series ol’ plalt‘S.'^ Tin’ obj(H‘t (»f this sec- 
tion is, first, to rej>res(‘nt tin* onh'i* in which 
th<‘ sncc<‘ssive scries of stratifical Ibrmations arc? 
piled on one another, almost likc^ courses of 
imrsonry ; s(‘condly, to mark the* change's that 
occur in their minc'nd and mechanical con- 
dition ; thirdly, to show thc' mannt'r in w Inch all 
siralitied jocks liavc' at various pc'riods bc'cn 
disturbed, b\ the intrusion of jmstratilic'd crys- 
taHijU' rocks: and Nariou^ly affected by cic'va' 
tions, dc'pressions, tVactures, and disbu al ions ; 
fourtidy, to ui%(' e\ample> of thc altc'ralions in 
thc forms <»f animal and vc'uctable lile, that havc^ 
aeeom])anied lluse changes of the minc’iai con- 
ditions of the* ( art h. 

b^rom lljc ab<»vc^ sec tion it apjx ars that iheuc 
are eiglit distiju t varieties of the ery^lalline nn- 
stratific'd rocks, and tw enty-enght we ll dc'linc'd 
divisions of the stratilic'd formations. Taking 
the tiveragc' maximum thiekness of eaeli of thc'se 
divisions, at onct thousand fe^et,i we^ should have 

The detailed explanation of this sielion is ^i\eii in tlie tic- 
x ription of the plates in vol. ii. 

I Many formations irrcally exceed, whilst otlu'is fall short, ut 
the aviirajjft' hert; taken. 
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a total aiiioiiiit of more than five miles; but as 
tli(i tnuisitioii ami primary strata very much 
exce(‘(l tills average, the aggTC*i‘ale of all the 
Eurojieau strutilied series may be considered to 
be at least ten miles. 


. ( JIAI^TLU 1 V. 

Itvlution nj' / Hslnitijicd lo Strahjicd Jlar/is. 

I siiAi.r. enter into no furllu’r details rt sjieeling 
th(‘ ('omjiom nt members of er.cli group of strati- 
fied rocks, than arc* r(‘pi*es(‘nted by tin* liiu'S of 
division and colonis upon tlie s(*ction/ Th(‘y 
an* arrang<*d under the old divisions i)\’ priau try, 
truNsitioH^ siroifdary, and Icriiary sc rit's, more 

* Imh- jiarlicul.H nitbnuulidji n\-|)cclii»ir the mineral clutrneter 
and (iri;aiue rt niams oi' ihe strata (-umpoMni:’ eaeii series, ! must 
u-lrr tn lh(‘ numeious [mhlu at ion'* that ha\e been (!(\i)te(l to 
these sMh)e(Ms. A most (oiiNenieut sninmui'N ot’ llte eonteiits of 
these jMihiii’alioiis will h, louml in l)i' l.a lleehe’s Alaimal oi‘ 
( «e(»lo|.',\ , ,hm 1 III \'oii A!i‘\eis !\ ‘-.eolojla, ( I'laiikrurl, IS.'t’J); 
aiiijile details i rvjHHtini;- tlie I'nuhsli siiala aie Li'oen iu ('ony- 
!>eare and l’hilh]K\ ( ieoloj:Y of laiulaiid ami Wales. See also 
Ihiki'wa ll’s Inliodiieiion to { I. olou\ , IsM; and eroi’ess»)rlMiil- 
lijis’s ailu'le ( .*1o;j:n , in the !'ne\e!ojj‘a dm Aleti ojiolitana ; also 
Frol'essor IMiiliij)'.\ ( iuide to (leolo^v, Svo. and I)*- La 

Becdie’s Reseau’lies in Theoietieal CJeolo^y, '^vo. 18 ) L 'riu' 
history of the organie renmin< tjf the tertiary period lias been 
most ahly ehieiriatt d in 1 \e]r< Piinciph"? of fteoioc;v. 
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from a sense of the convenieiicc* ol* lias long re- 
ceived arrangement, than from the reality of 
any stroniily defiiud boundaries by which th(‘ 
strata, on tlie eon thu s of each series, are sepa- 
rated from one another. 

Astlie materials of stratiii<‘d rocks arc' in i»reat 
degree' derived, directly or indirectly, Irom those 
which are nnslratilic'd,’^ it will lx* prcinatiirc' \o 
OJiter uj)on the* considc'ratiem of (l('ri\ ali\ c‘ strata, 
until ^\v liavc' conside red bric lly the jiistory of 
the primili\c‘ ibrmalions. \\ v the re fore' <‘(>m- 
iiuaiec' onr inejniry at that most anc ie nt pc'riod, 
whc'ii the're^ is miieh evidence te^ render it 
pre)l)al)lej that the endire' male'iials of the' globe! 
wcTe in a tluid state*, and that the' e‘ans(‘ ol* this 
Iluidity was lu’at. The* form of the* e arth Ix iiig 
that of an oblate S])he*roid, e’om[)re‘SsC'el at the* 
]K)le:s, and enlargejd at the* cMpiator, is tiral which 
a fluid mass would assume* from rejvolnlion 
round its axis, 'flee further fac t, tliat the* short- 
ens! dijnm'te*r coincides with the* <*xisting axis 


^ In s]>cakin^’ of cryslalliue rtjcks of siippuscd i^iioons onj;iii 
as iiiistralilied, \v(‘ udopt a diMiil)ulioii wliivlu tliouLik laX sIik iIv 
acenrat*', haslouL!’ l>t'i'n in ucMcral use union;; }:<'olo;;i.sts. Injected 
masses of' i^raniie, ba'^alt. and lava hav<! t'reMjuentiy hoii/ontal 
jr.vrtings, djvidiDL’, them into betls of' vajiou> (‘Xtenit and lbiekin*.HS, 
sueii as those nhieh lue mo^t remaikubb* nt what the Werneiiujis 
have; called the I'luet/ tra() fonnation, PI. I, section I'ig. h. ; l>iiL 
tliey do not present that suhdi\ii>ion into successions of sin, ill beds, 
and still smaller laminie, which usually exists in sednnentmy 
strata that luue htcii dcjiosiled by the action of watei. 
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of rotation, shows that this axis has been the 
same ever since the crust of the earth attained 
its present solid form. 

Assuming that the whole materials of the 
globe may have once been in a fluid, or even a 
nebular state,* from the presence of intense 
heat, the passage of the first consolidated por- 
tions of this fluid, or nebulous matter, to a solid 
state may have been produced by the radiation 
of heat from its surface into space ; the gradual 
abstraction of such heat would allow the particles 
of matter to approximate and crystallize; and 
the first result of this crystallization might have 
been the formation of a shell or crust, composed 
of oxidated metals and metalloids, constituting 
various rocks of the granitic series, around an 
incandescent nucleus, of melted matter, heavier 
than granite ; such as forms the more weighty 
substance of basalt and compact lava. 

It is now unnecessary to dw ell on controver- 
sies which have prevailed during the last half 
century, respecting the origin of this large and 
important class of uuslratilied crystalline rocks, 


* The nebular hypothesis oft'ers the most simple, and therefore 
the most probable theory, res)>ecting the first condition of the 
material elements that compose our solar system. Mr. Whewell 
has shown how far this theory, supposing it to be established, 
would tend to exalt our conviction of the prior existence of 
some presiding Intelligence*'— Bridgewater Treatises, No. III. 
Chap. vii. 
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which the commoR conseat o( nearly all modem 
geologists and chemists refers to the action of 
fire* The agency of central heat, and the ad- 
mission of water to the metalloid^ bases of the 
earths and alkalis, offer two causes which, taken 
singly or conjointly, seem to explain the pro- 
duction and state of the mineral ingredients of 
these rocks ; and to account for many of the 
grand mechanical movements that have affected 
the crust of the globe. 

The gradations are innumerable, M’hich con- 
nect the infinite varieties of granite, syenite, 
porphyry, greenstone, and basalt with the tra- 
chytic porphyries and lavas that are at this day 
ejected by volcanos. Although there still re- 
main some difficulties to be explained, there is 
little doubt that the fluid condition in which all 
unstratified crystalline rocks originally existed, 
was owing to the solvent power of heat ; a power 
whose effect in melting the most solid materials 
of the earth we witness in the fusion of the 
hardest metals, and of the flinty materials of 
glass.* 

* The experiments of Mr. (ire^ory Watt on bodies cooled 
slowly after fusion ; and of Sir James Hall, on reproducing arti- 
ficial crystalline rocks, from the pounded ingredients of the 
same rocks highly heated under strong pressure ; and the more 
recent experiments of Professor Mitscherlich, on the production 
of artificial crystals, by fusion of definite proportions of their com- 
ponent elements, have Temoved many of the objections, which 
were once urged against the igneous origin of crystalline rocks. 
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' ilSetteafh tbe whole series of stratified rocks 
that appear on the surface o# “the globe {see 
section PI. 1), there probably exists a founda- 
tion of unstratified crystallinfe rocks ; bearing 
an irregular surface, from the detritus of which 
the materials of stratified rocks have in great 
measure been derived,* amounting, as we have 
stated, to a thickness of many miles. This is 
indeed but a small depth, in comparison with 
the diameter of the globe ; but small as it is, it 
affords certain evidence of a long series of 
changes and revolutions ; affecting not only the 
mineral condition of the nascent surface of the 
earth, but attended also by important alterations 
in animal and vegetable life. 

The detritus of the first dry lands, being 
drifted into the sea, and there spread out into 
extensive beds of mud and sand and gravel, 
would for ever have remained beneath the sur- 
face of the water, had not other forces been 
subsequently employed to raise them into dry 
land : these forces appear to have been the same 
expansive powers of heat and vapour which, 
having caused the eltwaiion of the first raised 
portions of the fundamental crystalline rocks, 


* Either directly, by the accumulation of the ingredients of 
disintegrated granitic rocks ; or indirectly, by the repeated de- 
struction of different classes of stratified rocks, the materials of 
which had» by prior operations, been derived from unstratified 
formations. 
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cwittQued liieir eiiergies thronglt tall suooecKliQg 
'gdtdogical ^pfoidis, aod ^11 eicert them ia‘pro- 
the phenomena of active volcanoes; 
phmiomena incomparably the moat violent that 
now appear upon the surface of our planet * 

The evidence of design in the employment of 
forces, which have thus effected a grand general 
purpose, viz. that of forming dry land, by ele- 
vating strata from beneath the waters in which 
they were de|X)sited, stands independent of the 
truth or error of contending theories, respecting 
the origin of that most ancient class of strati- 
fied rocks, which are destitute of organic re- 
mains (sec pi. 1. — section 1,2, 3, 4, 5,0, 7). It is 


* ** The fact of great and frequent alteration in the relative level 

of the sea and land is so well established, that the only remain- 
ing questions regard the mode in which these alterations have 
been efTected, whether by elevation of the land itself, or subsi- 
dence in the level of the sea? And the nature of the force 
which has produced them ? The evidence in proof of great and 
frequent movements of the land itself, both by protrusion and 
subsidence, and of the connection of these movements with the 
operations of volcanos, is so various and so strong, derived from 
so many different quarters on the surface of the globe, and every 
day so much extended by recent enquiry, as almost to demon- 
strate that these liavc been the causes by wliich those great re- 
volutio'ns were effected ; and that although the action of the in- 
ward forces which protrude the land has varied greatly in diffe- 
rent countries, and at different periods, they are now and ever 
have been incessantly at work in operating present change and 
preparing the way for future alteration in the exterior of the 
globe/^ — Geological Sketch of the Vicinity of Hastings, by Dr. 
Fitton, pp. 8.5, 86. 
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RELATION OF UXSTRAJIFIED 

ijaE|j^ltlerial to tlio preset qui^tion, wh^her th^y 
were formed (according to the theory of Hutton) 
from the detritus of the earlier granitic rocks, 
spread forth by water into beds of clay and sand; 
and subsequently modified by heat : or whether 
they have been produced, (as was maintained by 
Werner) by chemical precipitation from a fluid, 
having other powers of solution than those pos- 
sessed by tlie waters of the present ocean. It 
is of little importance to our present purpose, 
whether the non-appearance of animals and ve- 
getables in these most ancient strata was caused 
by the high temperature of the winters of the 
ocean, in which they were mechanically depo- 
sited ; or by the compound nature and uninha- 
bitable condition of a primeval fluid, holding 
their materials in solution. All observers admit 
that the strata w('re formed beneath the water, 
and have been subsequently converted into dry 
land : and wliatcvcr may have been the agents 
that caused the movements of the gross unor- 
ganized materials of the globe; we find sufficient 
evidence of prospective uisdoni and design, in 
the benefits resulting Irom these obscure and 
distant revolutions, to future^ races of terrestrial 
creatures, and more especially (o Man.* 

In describing geological phenoni<'na, it ivS impossible to avoid 
the use of theoretical terms, and the provisional adoption of 
many theoretical opinions as to the manner in which these phe- 
nomena have been produced. From among the various and 



to itbhkK. 43 

V# bry^iiie tociW, Whdllj?^- 

M^' of klimal b% vegetalile we search 

for those most obvious evidences of coh^ 
trivance, wliich commence with ^e first traces 
of dr^riic life, in strata of the transition i)eriod ; 
the chief agencies which tliese rocks indicate, 
are those of fire and water ; and yet even here we 
find proof of system and intention, in tlie pur* 
pose which they have accomplished, of supply- 
ing and accumulating at the bottom of tlie water 
the materials of stratified formations, wdiich, in 
after times, w^ere to be elevated into dry lands, 
in an ameliorated condition of fertility. Still 
more decivsive arc the evidences of design and 
method, which arise from the consideration of the 

conflicting theories that have been proposed to explain the most 
difficult and complicated problems of (rcology, I select those 
which appear to carry with tiicm tlie higiiest degree of probabi- 
lity ; but as results remain the same from whatever cause they 
have originated, the force of inferencts from tliese results will be 
unaffected by clianges that may arise in our opinions as lo the phy- 
sical causes by which these have been produced. As in estimat- 
ing the merits of the highest productions of human art it is not 
requisite to understand perfectly the nature of the machinery by 
which the work has been efteeted in order to appreciate the skill 
and talent of the artist by whom it was contrived ; so our minds 
may be fully impressed with a perception of the magnilicent re- 
sults of creative intelligence, which are visible in the phenomena 
of nature, although we can hut partially comprehend the mecha- 
nism that has been instrumental to their production; and although 
the full developement of the workings of the material instru- 
ments by which they were eflccted, has not yet been, and perhaps 
may never be, vouchsafed to the prying curiosity of man. 
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fiiBtd iK>mpositik>n of their 
lionerai ingredients. In every perdele # eiattcr 
tb iwhich crystaJlization has been applied; Ve 
recognize the betioh of those undeviating laws of 
polar forces, and chemical affinity, whic^ have 
given to all crystallized bodies a series of fixt 
definite forms and definite compositions. Such 
universal prevalence of law, method, and order 
assuredly attests the agency of some presiding 
and controlling mind. 

A further argument, which will be more in- 
sisted on in speaking on the subject of metallic 
veins, may be founded on the dispensation 
whereby the primary and transition rocks are 
made the principal repositories of many valuable 
metals, which are of such peculiar and indis- 
pensable importance to mankind. 


('hapteu V. 

Volcanic Rocks, Jiasall, and Trap, 

In the state of tranquil equilibrium which our 
planet has attained in the region we inhabit, 
we are apt to regard the foundation of the solid 
earth, as an emblem of duration and stability. 
Very different are the feelings of those whose lot 
is cast near the foci of volcanic eruptions ; to 
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l^dls to and fn>, and vibrates beneath thw 
feet; overthrowing cities, yawning vdth dieadihl 
chastbS, converting seas into dry lands, and dry 
lands into seas. (See Lyell's Geology, vol. i. 
Passim.) 

To the inhabitants of such districts we speak 
a language which they fully comprehend, when 
we describe the crust of the globe as floating on 
an internal nucleus of molten elements; they 
have seen these molten elements burst forth in 
liquid streams of lava ; they have felt the earth 
beneath them quivering and rolling, as if upon 
the billows of a subterranean sea; they have 
seen mountains raised and valleys depressed, al- 
most in an instant of time; they can duly ap- 
preciate, from sensible experience, the force of 
the terms in which geologists <lescril)c the 
tremulous throes, and convuKiv c agitations of the 
earth ; dtiring the passage of its strata from the 
bottom of the seas, in which they received their 
origin, to the plains and mountains in which 
they find their present place of rest. 

We see that the streams of earthy matter, 
which issue in a state of fusion from active 
voleanos, are spread around their craters in 
sheets of many kinds of lava ; some of these so 
much resemble beds of basalt, and various trap 
rocks, tlmt occur in districts remote from any 
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^ie^ittg volcanic Tent^^aa to lender l^l^robable 
tibat tte latter also have been jK)ured iffith from 
the interior of the'^rth. We further find the 
rocks adjacent to volcahte craters, intersected by 
rents and fissures, which have been filled with 
injections of more recent lava, forming trans- 
verse walls or dykes. Similar dykes occur not 
only in districts occupied by basalt and trap 
rocks, at a distance from the site of any modern 
volcanic activity; but also in strata of every 
formation, from the most ancient primary, to 
the most recent tertiary (see Plate 1. section 
f 1 — f 8. h 1 — h 2. i 1 — i 5) : and as the mineral 
characters of these dykes present insensible gra- 
dations, from a state of comj>act lava, through 
infinite varieties of greenstone, serpentine, and 
porphyry to granite, we refer them all to a 
common igneous origin. 

TJie sources from wliicli the matter of these? 
ejected rocks ascends are deeply seated be- 
neath the granite ; but it is not yet decided 
whether tlie immediate cause of an eruption 
be the access of water to local accumulations 
of the metalloid bases of the earths and alkalies ; 
or whether lava be derived directly from that 
general mass of incandescent elements, which 
may probably exist at a depth of about one hun- 
dred miles beneath the surface of our planet.* 

See chapter on the Tnternal temperature of the earth. 
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vokmi^mves now 

lijM^ with the phei\om^ of .biM$llic fomatloAft, 
and*^8o with the morer-an^ieot eraptions 
greiMaitone, porphyry, syeiaite, aod granite. The 
introsion both of dykes an4 irregular beds of un«; 
stratified crystalline matter, into rocks, of every 
i^e and every formation, all proceeding upwards 
from an unknown depth, and often accumulated 
into vast masses overlying the surface of strati- 
fied rocks, are phenomena coextensive with the 
globe. 

Throughout all these operations, however tur- 
bulent and apparently irregular, we see ultimate 
proofs of method and design, evinced by the 
uniformity of the laws of matter and motion, 
which have ever regulated the chemical and 
mechanical forces by which such grand effects 
have been produced. If we view their aggre- 
gate results, in causing the elevation of land 
from beneath the sea, we shall find that volcanic 
forces assume a place of the highest importance, 
among the second causes which have influenced 
the past, as W'ell as the present condition of the 
globe ; each individual movement has contri- 
buted its share towards the final object, of con- 
ducting the molten materials of an uninhabit- 
able planet, through long successions of change 
and of convulsive movements, to a tranquil state 

G. E 
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of ; in whicli' it has the 

convcn^ht ai^ delightful habitatidn'O^tiiatt, and 
of the multitudes of terrestrial creatures that'are 
his fellow tenants of its actual surface.* ' 


Chapter VI. 

Primary Slrntified Rocks. 

I N the summary we have given of the leading 
phenomena of unstratified and volcanic rocks, we 
have unavoidably been led into theoretical spe- 
culations, and have seen that the most probable 
explanation of these phenomena is found in the 
hypothesis of the original fluidity of the entire 
materials of the earth, caused by the presence of 
intense heat. From this fluid mass of metals, 
and metalloid bases of the earths, and alkalies, 
the first granitic crust appears to have been 
/ormed, by oxydation of these bases ; and sub- 
sequently broken into fragments, disposed at 
unequal levels above and below the surface of 
the first formed seas. . • 

Wherever solid matter arose above the water, 
it became exposed to destruction by atmospheric 

See further details respecting the eftects of volcanic forces 
in the description of PI. I. Vol. li. 
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agents;;^ rains, nnd iiuindi^<#s; at 

that tinw probably acting, idth inti^Bse;!^ence, 
and . gashing down and 8p(aaditl|g> forth, in the 
form of mud and sand and ^fraycl, apbn thje 
bottom of the then existing seas, the material8.of, 
primary stratified rocks, which, by subsequent 
exposure to various degrees of subterranean heat, 
became converted into beds of gneiss, and mica 
slate, and hornblende slate, and clay slate. In 
the detritus thus swept from the earliest lands 
into the most ancient seas, we view the com- 
mencmnent of that enormous series of derivative 
strata which, by long continued repetition of 
similar processes, have been accumulated to a 
thickness of many miles.* 

The total absence of organic remains through- 

• Mr. Conybeare (in his admirable Report on Geology to the 
British Association for the Advancement of Science, 1832, 
p. 367) shows, that many of the most important principles of 
the igneous theory, which has been almost demonstrated by 
modern discoveries, had been anticipated by the universal 
Leibnitz. “ In the fourth section of his Protogcea, Leibnitz 
presents us with a masterly sketch of his general views, and, 
perhaps, even in the present day, it would be difficult to lay 
down more clearly the fundamental positions which must be 
necessarily common to every theory, attributing geological 
phenomena in great measure to central igneous agency. He 
attributes the primary and fundamental rocks to the refrigeration 
of the crust of this volcanic nucleus ; an assumption which well 
accords with die now almost universally admitted igneous origin 
of the fundamental granite, and with the structure of the primi- 
tive slates, for the insensible gradation of these formations ap- 
pears to prove that gneiss must have undergone in a greater, 
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out those lowest portions of th^e st^a, which 
have h|^n called primary, is a feet cimsistehit 

Atid mica d^te in n Iwfl degree, the 8att^e action of which the 
inaximum intensity produced granite, 

"** The dislocations and deranged position of the stra^ he 
attributes to the breaking in of vast vaults, which the vesicular 
and cavernous structure assumed by masses, during their re- 
frigeration from a state of fusion must necessarily have occasioned 
in the crust, thus cooling down and consolidated. He assigns 
the weight of the materials and the eruption of elastic vapours as 
the concurrent causes of these disruptions ; to which we should 
perhaps add, that the oscillations of the surface of the still fluid 
nucleus may, independently of any such cavities, have readily 
shattered into fragments the refrigerated portion of the crust; 
especially, as at this early period, it must have been necessarily 
very thin, and resembling chiefly the scoriee floating on a surface 
of lava just beginning to cool. He justly adds, that these dis- 
ruptions of the crust must, from the disturbances communicated 
to the incumbent waters, have been necessarily attended with 
diluvial action on the largest scale. When these waters had 
subsequently, in the intervals of quiescence between these 
convulsions, deposited the materials first acquired by their force 
of attrition, these sediments formed, by their consolidation, 
various stony and earthy strata. Thus, he observes, we may 
recognise a double origin of the rocky masses, the one by 
refrigeration from igneous fusion, (which, as we have seen, he 
considered principally to be assignable to the primary and 
fundamental rocks,) the other by concretion from aqueous 
solution. We have here distinctly stated the great basis 
of every scientific classification of rock formations. By the 
repetition of similar causes (i. e. disruption of the crust and con- 
sequent inundations) frequent alternations of new strata were 
produced, until at length these causes having been reduced to a 
condition of quiescent equilibrium, a more permanent state of 
things emerged. Have we not here clearly indicated the data 
on which, what may be termed the chronological investigation of 
the series of geological phenomena, must ever proceed?’* 
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with th^fibypothests forma tho 

theory of gradual refrigeratioa; Viz- mat the 
waters of tlie first formed oceans were tpo much 
heated to have been habitable by any kind of 
organic beings.* 

In these most ancient conditions, both of 
land and water, Geology refers us to a state 
of things incompatible w^ith the existence of 
animal and vegetable life ; and thus on the evi- 
dence of natural phenomena, establishes the 
important fact that we find a starting point, 
on this side of which all forms, both of animal 
and vegetable beings, must have had a be- 
ginning. 

As, in the consideration of other strata, 
find abundant evidence in the presence of or- 
ganic remains, in proof of the exercise of 
creative power, and wisdom, and goodness, 
attending the progress of life, through all 
its stages of advancement upon the surface of 
the globe; so, from the absence of organic re- 
mains in the primary strata, we may derive 
an important argument, showing that there was 
a point of time in the history of our planet, 
(which no other researches but those of geology 
can possibly approach,) antecedent to the be- 
ginning of either animal or vegetable life* This 

* So long as the temperature of the earth coAttnUed intensely 
high, water could have existed only in the state of steam or va- 
pour, floating in tlie atmosphere around the incandescent surface. 
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^nclttsion is thife'inwe iinjportRtit, it |ias 

befen tile refiige of some speculative philoAopli?^ 
to refer the origin of existing organiSiations, either 
to an external succession of the same species, 
or to the formation of more recent from more 
ancient species, by successive 'developments, 
yathoiit the interposition of direct and repeated 
acts of creation ; and thus to deny the existence 
of any first term, in the infinite series of succes- 
sions which this hypothesis assumes. Against 
this theory, no decisive evidence has been ac- 
cessible, until the modern discoveries of geology 
had established two conclusions of the highest 
value in relation to this long disputed question : 
the first proving, that existing species have had 
a beginning ; and this at a period comparatively 
recent in the physical history of our globe: the 
second showing that they were preceded by 
several other systems of animal and vege- 
table life, respecting each of which it may 
no less be proved, that there was a time when 
their existence had not commenced; and that 
to these more ancient systems also, the doctrine 
of eternal succession, both retrospective and 
prospective, is equally inapplicable.* ^ 

* Mr. Lyell, in the four first chapters of the second volume of 

his Principles of Geolo^, has very ably and candidly examined 
the arguments that have been advanced in support of the doc- 
trine of transmutation of species, and arrives at the conclusion, 
— ** that species have a real existence in nature, and that each 
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Having this epdepi^j^lMil^i 
and' end of several systems li^» 

each affording internal proof of the 
exercise of creative design, and wisdopi, .and 
power, we are at length conducted back to a 
period anterior to the earliest of these systems ; 
a period in which we find a series of primary 
strata, wholly destitute of organic remains ; and 
from this circumstance, we infer their deposition 
to have preceded the commencement of organic 
life. Those v ho contend that life may Imvc ex- 
isted during tlie formation of the primary strata, 
and the animal remains have been obliterated by 
the efiects of heat, on strata nearest to the gra- 
nite, do but remove to one point further back- 
wards the first term of the finite series of organic 
beings ; and there still remains beyond this point 
an antecedent period, in which a state of total 
fusion })ervaded the entire iiiatciiuls of the funda- 
mental granite ; and one universal mass of incan- 

was endowed, at the time of its creation, with the attributes and 
organization by which it is now distinguished.’" 

Mr. Dela Bcche also says (Geological Researches, 1834, p. 
239, 1st edit. 8vo.) “ There can be no doubt that many plants ran 
adapt themselves to altered conditions, and many animals ac> 
commodate themselves to different climates; but when we view 
the subject generally, and allow full importance to numerous 
exceptions, terrestrial plants and animaU seem intended to fill 
the situations they occupy, as these were fitted for them ; they 
appear created as the conditions arose, the latter not causing a 
modificaliuu in pieviously existing forms productive of new 
species.” 
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dtocenf elements, wholly incompatible Vith any 
condition of life, which can be shown to hiaive 
ever existed, formed the entire substance of the 
globe.* 

* In adopting ttie hypothesis that the primary stratified rocks 
have been altered and indurated by subjacent heat, it should be 
understood, that although heat is in this case referred to as one 
cause of the consolidation of strata, there are other causes which 
have operated largely to consolidate the secondary and tertiary 
strata, which are placed at* a distance above rocks of igneous 
origin. Although many kinds of limestone may have been in 
certain cases converted to crystalline marble, by the action of heat 
under high pressure, there is no need for appealing to such 
agency to explain the consolidation of ordinary strata of carbonate 
of lime ; beds of secondary and tertiary sandstone have often a 
calcareous cement, which may have been precipitated from 
water, like the substance of stalactites and ordinary limestone. 
When their cement is siliceous, it may also have been supplied 
by some humid process, analogous to that by which the siliceous 
matter of chalcedony and of quartz is either suspended or dis- 
solved in nature; a process, the existence of which we cannot 
deny, although it has yet baffled all the art of chemistry to imi- 
tate it. The beds of clay which alternate with limestone, and 
sand, or sandstone, in secondary and tertiary formations, show no 
indications of the action of heat ; having undergone no greater 
consolidation than may be referred to pressure, or to the admix- 
ture of certain proportions of carbonate of lime, where the clay 
beds pass into marl and marlstonc. Beds of soft unconsolidated 
clay, or of loose unconsolidated sand, are very rarely if ever found 
amongst any of tlie primary strata, or in the lower regions of the 
transition formation ; the effects of heat appear to l|ave converted 
the earlier deposits of sand into compact quartz rock, and beds 
of clay into clay slate, or other forms of primary slate. The rock 
which some authors have called primary grauwacke, seems 
to be a mechanical deposit of coarse sandstone, in which the form 
of the fragments has not been so entirely obliterated by heat, as 
in the case of compact quartz rock. 
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It ipo»y iNn Bay hawp iw righV to tho 
poBBible existmce of Ufe tuul oigaiuzatHjjpi upon 
the suiiace, or in the interior of oar",planet, 
under a state of igneous fusion. “ Whot” sayB 
the ingenious and speculative Tucker, (Light of 
Nature, book iii. chap. 10), “can reckon up all. 
the varieties that infinite Ttisdom can contrive, 
or show the impossibility of cn^anizations dissi* 
luilar to any within our experience? Who 
knows what cavities lie within the earth, or 
what living creatures they may contain, endued 
with senses unknown to us, to whom the streams ” 
of magnetism may serve instead of light, and 
those of electricity affect them as sensibly as 
sounds and odoiurs. affect us? Why should we 
pronounce it impossible that there should be 
bodies formed to endure the burning sun, to 
whom fire may be the natural element, whose 
bones and muscles are composed of fixed earth, 
their blood and juices of molten metals? Or 
others made to live in the frozen regions of 
Saturn, having their circulation carried on by 
fluids more subtle than the highest rectified 
spirits raised by chemistry ? ” 

It is not for us to meet questions of this kind 
by dognihtizing as to possible existences, or to 
presume to speculate on the bounds which crea- 
tive Power may have been plemied to impose on 
its own operations. We can <mly assert, that as 
the laws that now regulate the movements and 
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prapei^ies cf all the;niateual ^ameats, can be 
i^own.^.to have undergone no. change sil^ce 
mattefr iiiras first created upon oar ^anet;, no 
Ibrms of oi^tmization such as now exist, (mt Hich 
as Geology shows to have existed, daring My 
• stages of Ute g^cadual 4brmatk>n of the ^lih, 
could have supported, for an instants the state of 
fusion here supposed. • 

We Aerefore conclude, that whatever beings 
(^wholly different natures and properties may 
be imagined to be within the range of possible 
existences, not one of all the living or fossil 
species of animals or vegetables, could ever have 
endured the temperature of an incandescent 
planet. All these species luust therefore have 
had a beginning, posterior to the state of uni- 
versal fusion which Geology points out. 

I know not how I can better sum up the con- 
clusion of this argument, than in the words of 
my Inaugural Lecture, (Oxford, 1819, p. 20). 

“ The consideration of the evidences afforded 
by geological phenomena may enable us to lay 
more securely the very foundations of natural 
theology, inasmuch as they clearly point out to 
us a period antecedent to the habitable state of 
the earth, and consequently antecedent to the 
existence of its inhabitants. When our minds 
become thus familiarized with the idea of a 
beginning and first creation of the beings we 
sec around us, the proofs of design, which the 



PRlHkBV «OCKS. • ^0 

strndttire of iksm beings affords, calory wi& tbem 
a niore forcible" conviotion of an inlellig^t 
Creator, ddd tbe hypotheids of an eterbsd sue* 
cession of onuses, is thus at otice removed. Wl 
argue thus : it is demonstrable from Geology 
that there vtM a period when no: orgmiic beings 
had eKistence ; these organie bdings must there^ 
fore have had a beginning subsequently to this 
period ; and where is that beginning to be found 
but in the will and.>?ar of an intelligent and all- 
wise Creator? 

The same conclusion is stated by Cuvier, to 
be the result of his observations on geological 
phenomena : Mais ce qui 6tonne davantage 

encore, et ce qui n’est pas moins certain, e’est 
qui la vie n’a pas toujours exists sur la globe, 
et qii’il est facile k Tobservateur de reconnoitre 
le point oii elle a commence k d6poser ses pro- 
dnits/’ — Cuvier, Ossemens Fossiles, Disc. Prelim. 
1821, vol. i. p. ix. 
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Chapter VII. 

■ Strt^ of the Transition Series. 

Thus fer we hare been occupied with rocks, in 
which < we ii»u$e ‘ chiefly the results of chemical 
and in^chanjeal forces ; but, as soon as we enter 
on the examinittion of strata of the Transition 
Series, the history; of organic life becomes as- 
sociated widi that of mineral phenomena.* 

The mineral character of the transition forma- 
tions presents alternations of slate and shale, 
with slaty sandstone, limestone, and conglomerate 
rocks ; the latter bearing evidence of the action 
of water in violent motion ; the former showing, 
by their composition and structure, and by the 
organic remains which they frequently contain, 
that they were for the most part deposited in the 
form of mud and sand, at the bottom of the 
sea. ■ * 

Here, therefore, we enter on a new and no 
less curious than important field of enquiry, 

* It is most convenient to include within the Transition series, 
all kinds of stratified rocks, from the earliest slates, in which we 
find the first traces of animal or vegetable remains, to the termi- 
nation of the great coal formation. The animal remains in the 
more ancient portion of this series, viz. the Grauwacke group, 
though nearly allied in genera, usually differ in species from 
those in its more recent portion, viz. the Carboniferous group. 
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and commence our examination pf tlm relics 
of a former world, with a view to ascertsin 
how far the fossil membera of the aninial and 
vegetable kingdoms may, or may not, be related 
to existing and ^)ecies, as |>arts of one 

great system of creation, all hewing marks of 
derivation from a common- author.?- 

Beginning with the animal kingf^m, we find' 
the four great existing divisions* 

MoUusca, Articulata, and Radmikt, to have been 
coeval with tbb commeneenient of oigpEinic life 
upon our globe.f 

• In Plate 1, 1 have attempted to conv^ aome idea of the 
organic remains preserved in the several series of formations, by 
introducing over each, restored figures of a fevr of the most cha- 
racteristic animals and vegetables that occupied the lands and 
waters, at the periods in which they were deposited. 

t “ It has not been found necessary, in discussing the history 
of fossil plants and anitnais, to. constitute a single new class; 
they all fall naturally into the same great sections as the ex- 
isting forms. — We are wmanted in concluding that the older 
organic creations were formed upon the same general plan as at 
present. They cannot, therefore, be correctly described as en- 
tirely different systems of nature, but should rather be viewed as 
corresponding systems, composed of different details. The dif- 
ference of these details arises mostly from minute specific dis- 
tinctions ; but sometimes, especially among terrestrial plants, cer- 
tain Crustacea, and reptiles, the differences are of a more general 
nature, and it is not possible to refer the fossil tribes to any 
known recent genus, or even family. Tlius we find the problem 
of the resemblance of recent and fossil organic beings to resolve 
itself into a general analogy of system, frequent agreement in 
important points, but almost universal distinction of minute 
organization.*’ — Phillips’s Guide to Geology, p. 61-6*7, 1834, 
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No higher condition of Vertebrata has been 
fet diocoTered in the transition . formation than 
diat of fishes, w^hose history will be feierved for 
a subsequent chapter. 

The Mollqsea,* in the teansitimi series, afibed 
examples off^leyeral families, and many genmv^ 
which seem at that time to have been universally 
diffused over jail parts of the wmrld. Some of 
these, (e. g. tlie Orthoceratite, Spirifer, and Pro- 
ducta) became extinct at an early period in the 
history of stratification, whilst. o^er genera (as 
the Nautilus and Terebratula) have continued 
through all formations unto the present hour. 

The earliest examples of Articulated animals 
are those afforded by the extinct family of Tri- 
lobites, (see Plates' 45 and 46) to the history of 
which we shall devote peculiar consideration 
under the head of Organic Remains. Although 
nearly fifty species of these Trilobites occur in 
strata of the transition period, they appear to 
have become extinct before the commencemmit 
of the secondary series. 

The Radiated Animals are among tlie most 
frequent organic remains in the transition strata ; 
they present numerous forms of great beauty, 
from which I shall select the family of Crinoidea, 

* In this great division, Cuvier includes a vast number of 
animals having soil bodies, without any articulated sheleton or 
spinal marrow, such as the Cuttle-fish, and the inhabitants of 
univalve and bivalve shells. 
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or lily-shaf^d anintialB allied to : I^r>fi8h, for 
peoidiar coQSideviMion in a future ichapter. (See 
PJ. 47, vF%Si 5,' 6, 7.) - Fossil cOTallines al» 
abound among the radiata llris rperiod,> and 
that this family had enter^ thus early 
upon -the imiNNTtant geologiced’/ functions of 
adding their calcareous habitationa to the solid 
materials of the strata of the globe. ' Their his- 
tory will also be considered in amrther chapter. 


Remains -of Vegetables in the Tt^ieassition Series. 

Some idea may be formed of the vegetation 
which prevailed during the deposition of the 
upper strata of the transition series, from the 
figures represented in our first plate 0Pig. 1 to 
13). In the inferior regions of this series plants 
are few in number, and principally marine but 
in its superior regions the remains of land plants 
are accumulated in prodigious quantities, and 
preserved in a state which gives them a high 
and two-fold importance; first, as illustrating 
the history of the earliest vegetation that ap- 
peared upon our planet, and the state of climate 

* M. A. Brogniart mentions the occurrence of four species of 
fucoids in the transition strata of Sweden and Quebec ; and Dr. 
Harlan has described another species found in the Alleghany 
Mountains. 
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and ohtuigesi Ij^en prttrailad :* 

'lilddndljr, as a€fe6tingt ia no tii^l ^jHnff^cee, the 
actual coadition of the hliman lafB&r 4^ 

The atreta in which thesecv^etable) reinauis 
have becsn collected tc^ether in sndi vast ahtin- 
dance have heea justly designated by the name 
of the carboniferous order, or g^t coal forma'' 
tion. (See Conybeare and PhiDips’ Geology of 
England and Wales, book iii.) It is in this 
formation chiefly, that the remains of plants 
of a former world have been preserved and con- 
verted into beds of mineral coal ; having been 
transported to the bottom of former seas and 
estuaries, or lakes, and buried in beds of sand 
and mud, which have since been changed into 
sandstone and shale. (See PI. 1, sec. 14.)t 

• The nature of these vegetables, and their ielations*to ex- 
isting species, will be considered m a future chapter 

t The most characteristic type that exists in this country of the 
general condition and circumstances of the strata composing the 
great carboniferous oidcr, is found m Jthe north of England. It 
appears from Mr. Forster’s section of the strata from Newcastle- 
upon-Tyne to Cross Fell, in Cumberland, that their united thick- 
ness along this line exceeds 4 000 feet. This enormous mass is 
composed of alternating beds of shale or indurated clay, sand- 
stone, limestone, and coal . the coal is most abundant in the 
upper part of the scries, near Newcastle and Duibam, and the 
limestone predominates towards the lower part ; the individual 
strata enumerated by Forster are thirty- two beds of coal, sixty- 
two of sandstone, seventeen of limestone, one intruding bed of 
trap, and one hundred and twenty-eight beds of shale and clay* 
The animal remains hitherto noticed sn the limestone beds are 
almost exclusively marine; hence we infer that these strata were 
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Beudes dus ^boai- 

fero«» ord^ coiiftin si^wtidinate^dbeds 
argillac*;^ inwiXHre, whicb ‘the «e«Hr. portion 
the coal1reiiidet8 of reduction to aihiettdlic 
BtatO; and ’tliw reduction is further fiusilitated 
by^ the proximity of limestone, urhich is requisite 
as a flux to aepl^^ the loetal firmn -the ore, and 
usually abounds tft the lower regions of the cm- 
boniferous strata. 

A formation that is at once the vehicle of two 
such valuable mineral productions as coal and 
iron, assumes a place of the first importance 
among the sources of benefit to, mankind ; and 


deposited at the bottom of the sea. The fresh-water shells that 
occur occasionally in the upper regions of this great series show 
that these more recent portions of the coal formation were deposited 
in water that was either brackish or entirely fresh. It has lately 
been shown that fresh-water deposits occur also occasionally 
in the lower regions of the carboniferous series. (See Dr. Hib- 
bert’s account of the limestone of Burdie House, near Edinburgh ; 
Transactions of the Royal Society of Edinburgh, vol. xiii. ; 
and Professor Phillips’s Notice of fresh-water shells of the genus 
Unio, in the lower part of the coal series of Yorkshire; London 
Phil. Mag. Nov. 1832, 349.) The causes which collected these 
vegetables in beds thus piled above each other, and separated by 
strata of vast thickness, composed of drifted sand and clay, re- 
ceive illdstration from the manner in which drifted timber from 
the existing for^ts of America is now accumulated in the estua- 
ries of the great rivers of that conUnent, particularly in the estuary 
of the Mississippi, and on the River Mackenzie. See Lyell’s 
Principles of Geology, 3rd edit. Vol. iii. Book iii. Ch. xv. and 
Prof. Phillips’s, Article Geology in Bncyclopmdia Metropolitana, 
Pt. 37, page- 596. 


O. 
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this benefit ir the direct result of physical 
chaages which affected the ewSf^ those re- 
mote periods pf time, when the &^J|)rms of 
vegetable life appeared upon surfitpel 
The important uses of coal and iron in admi- 
nistermg to the supply of our daily wants, give 
to every individual amongst us, in almost every 
mommit of our livesj a personal concern, of 
which but few are conscious, in the geological 
events of these very distant eras. We are all 
brought into immediate connection with the ve- 
getation that clothed the ancient earth, before 
one-half of its actual surface had yet been formed. 
The trees of the primeval forests have not, 
like modern trees, undergone decay, yielding 
back their elements to the soil and atmosphere 
by whicli they had been nourished ; but, trea- 
sured up in subterranean storehouses, have been 
transformed into enduring beds of coal, which in 
these later ages have become to man the sources 
of heat, and light, and wealth. My fire now 
burns with fuel, and iny lamp is shining with the 
light of gas, derived from coal that has been 
buried for countless ages in the deep mid dark 
recesses of the earth. We prepare our food, and 
maintain our forges and furnaces, and the power 
of our steam-engines, with the remains of plants 
of ancient forms and extinct species, which were 
swept from the earth ere the foimation of the 
transition strata was completed. Qur instm- 
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of cutlery, tbe.tooto'of otfr mechanics, and 
the counties liMichines vhieh we eonstrhet, by 
the infinity Varied apidicationa of iroa; are de- 
rived fnmi ore, f^'the most part V4tb« or 

mem ancient thmi the fael, by the aid of Which 
WO: reduce it to its metallic state; and apply it 
to innumerable uses in the economy of human 
life. Thus, from the wreck of forests that waved 
upon the surface of the primeval lands, and 
from femiginous mud that wiffi lodged at the 
bottom of the' primeval waters, we derive our 
chief supplies of coal and iron; those two 
fundamental elements of art and industry, which 
contribute more than any other mineral produc- 
tion of the earth, to increase the riches, and 
multiply the comforts, and ameliorate the con- 
dition of mankind. 


Chapter VII 1. 

Strata of the Secondartf Series, 

We may consider the history of secondary, and 
also of "tertiary strata, in two points of view : the 
one, respecting their actual state as dry land, 
destined to be the habitation of man ; the other, 
regarding their prior condition, whilst in .pro- 
gress of ^Mrmation at the bottom of the waters, 



* The secondary strata are composed of extensive beds of sand 
and sandstone, mixed occasionally with pebbles, and alternating 
with deposits of clay, and marl, and limestone. Tlie materials 
of most of these strata appear to have been derived from the 
detritus of primary and transition rocks; and the larger frag- 
ments, which arc preserved in the form of pebbles, often indicate 
the sources from which these rounded fragments were supplied. 

The transport of these materials from the site of older forma- 
tions to their place tn the secondary series, and their disposition 
in strata widely extended over the bottom of the early seas, seem 
to have resulted from forces, producing the destruction of more 
ancient lands, on a scale of magnitude unexampled among the 
actual phenomena of moving waters. 
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each maimer; Ittd m sadi’''{i«opmtkHis,- aB are in 
various degrees favourable 'to the growth' of Hie 
dii^milf»vegethble produi^ods, ^hieh man re- 
quires for himl^ and the domesHc animhls 
he has collated around him. ’ 

The proTess »<• obvious whereby even solid 
rocks are ccmverted into soil fit for the main- 
tenance of vegetation, by simple exposure to 
atmospheric agency ; the disintegration pro- 
duced by the vicissitudes of heat and cold, 
moisture and dryness, reduces the surface of 
almost all strata to a comminuted State of soil, 
or mould, the fertility of which is usually in 
proportion to the compound nature of its ingre- 
dients. 

The three principal materials of all strata are 
the earths of flint, clay, and lime ;• each of these, 
taken singly and in a state of purity, is com- 
paratively barren : the admixture of a small 
proportion of clay gives Umacity and fertility to 
sand, and the further addition of calcareous 
earth produces a soil highly valuable to the agri- 
culturist : and where the natural proportions are 
not adjusted in the most beneficial manner, the 
facilities afforded by the frequent juxta-}X)8ition 
of lime, or marl, or gypsum, for the artificial 
improvement of those soils which are defective 
in these ingredients, add materially to the 
earth’s capability of adaptation to the impor- 
tant office of producing fo^. Hence it happens 
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that the great com fields, and the greatest popu- 
lation of the world, are placed' on strata of the 
secondary and teftiary formations ; or on their 
detritus, composing still more^Wmpoand^ and 
consequently more fertile diluvial, and allnvial; 
deposits,* 

Another advantage in the disposition ofstra-* 
tified rocks consists in the &ct that strata of 
limestone, sand, and sandstone which readily 
absorb water, alternate with beds of clay, or 
marl, which are impermeable to this most impor- 
tant fluid. All permeable strata receive rain- 
water at their surface, whence it descends until 
it is arrested by an impermeable subjacent bed 
of clay, causing it to accumulate throughout the 
lower region of each porous stratum, and to form 
extensive reservoirs, the overflowings of which on 
the sides of valleys constitute the ordinary 
supply of springs and rivers. These reservoirs 
are not only occasional crevices and caverns,* 
but the entire space of all the small interstices 

* It is no sinull proof of design in the arrangement of the ma- 
terial that compose the surface of our earth, that whereas the 
primitive and granitic rocks are least calculated to afford a fertile 
soil, they are for tlie most part made to constitute the mountain 
districts of the world, which, from their elevation and irregulari- 
ties, would otherwise be but ill adapted for human habitation ; 
while the lower and more temperate regions are usually composed 
of derivative, or secondary strata, in which the compound nature 
of their ingredients qualifies them to be of the greatest utility to 
mankind, by their subserviency to the purposes of luxuriant vege- 
tation. — Buckland’s Inaugural Lecture, Oxford, 1820, p. 17. 
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of those lower parte of eaeh p^tneable stratum, 
which are ben^h the level of the nearest flow- 
ing springs. Hence if a well be sunk to the 
water-bearing Iwel of any stratum, it fOTms a 
eommunication with a permanmit subterranean 
sheet of water, afibrding plentiful supplies to 
the inhabitants, of upland districts, whicli are 
above the level of natural springs. 

A further benefit which man derives from tlic 
disposition of the mineral ingredients of the 
secondary strata, results from the extensive* difl'n- 
sion of muriate of soda, or common salt, through- 
out certain portions of these strata, especially 
those of the new red sandstone formation. Hud 
not the beneficent providence of the Creator 
laid up these stores of salt witliin the bowels 
of the earth, tlie distance of inland countries 
from the sea would have rendered this article of 
prime and daily necessity, unattainable to a 
large proportion of mankind : but, under the 
existing dispensation, the presence of mineral 
salt, in strata which are dispersed generally over 
the interior of our continents and larger islands, 
is a source of health, and daily enjoyment, to 
the inhabitants of almost every region of the 
earth.* Muriate of soda is also among the mdst 

* Altltou^ the most frequent position of rtKik salt, and of salt 
springs, is in strata of the new red sandstone formation, which 
has eomec|uently been designated by some geologists as the sali- 
ferous system, yet, it is not exclusively confined to them. The 
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abundant of the salkie compounds formed by 
sublhnation in the craters of volcanos. 

With respect to the state of animal life, dur- 
ing the deposition of the ^i^ondary strata, 
although the petrified remains of Zoophjites; 
Crustacea, Testacea, and Fishes, show that the 
seas in which these strata were formed, like 
those which gave birth to the Transition smes, 
abounded with creatures referrible to the four 
existing divisions of the animal kingdom, still 
the condition of the globe seems not yet to have 
been sufficiently advanced in tranquillity, to 
admit of general occupation by warm-blooded 
terrestrial Mammalia. 

The only terrestrial Mammalia yet discovered 
in any secondary stratum, are the small marsu- 
pial quadrupeds allied to the Opossum, which 
occur in the oolite formation, at Stonesfield, near 
Oxford. The jaws of two species of this genus 
are represented in Plate 2. a. b ; the double roots 
of the molar teeth at once refer these jaws to 
the class of Mammalia, and the form of their 
crowns places them in the order of Marsupial 
animals. Two other small species have been 
discovered by Cuvier, in the tertiary formations 
of the basin of Paris, in the gypsum of Mont 
Martre. 

salt miaes of Wielieska and Sicily are in tertiary formations ; 
those of Cardona in cretaceous ; some of those in the Tyro! in 
the oolites ; and near Durham there are salt springs in the coal 
formation. 
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The Marsupial Order ei»npr^h!»»ls . a large 
number of existing genera, > both harbivorous 
and carnivorous, which are now. pecuUar to 
JN^orth and SoutPAmmca, and to New Holland, 
with the adjacent islands. The kangaroo and 
<^>os8um are its most familiar examples. The 
name Marsupialia is derived from the presence 
of a large external marsupium, or pouch, fixed 
on the abdomen, in which the foetus is placed 
after a very short period of uterine gestation, 
and remains suspended to the nipple by its 
mouth, until sufficiently matured to come forth 
to the external air. The discovery of animals of 
this kind, both in the secondary and tertiary 
formations, shows that the Marsupial Order, so 
fat' from being of more recent introduction than 
other orders of mammalia, is in reality the first 
and most ancient condition, under which animals 
of this class appeared upon our planet : as far 
as we know, it was their only form during the 
secondary period ; it was co-existent with many 
other orders in the early parts of the tertiary 
period ; and its geographical distribution in the 
present creation, is limited to the regions we 
have above enmnerated.* 


* In a highly important physiological paper, in the Phil. Trans. 
London, 1834, part ii. p. 349, Mr. Owen has pointed out “ the 
most irrefragible evidence of creative foresight, afforded by the 
mcisting Marsupialia, in the peculiar modifications both of the 
maternal and fmtal system^ designed with especial reference to 
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. Tbe pecttli»r feature in tiifi popttiatien of the 
whole series of secondary stratsi u^Jthe prera* 
lence of numerous and gigantic fbrausof Saurian 
reptiles. Many of these wer^^exclusivdy ma- 
rine; others amphibious ; others were terrestrial, 
ranging in savannahs and jungles, clewed withi a 
tropical vegetation, or basking on the margins of 
estuaries, lakes, and rivers. Even the air was 
tenanted by flying lizards, under the dragmi’ 

each other’s peculiar condition.” With respect to the final 
cause of these peculiarities, he conjectures that they have rela- 
tion to an inferior condition of the brain and nervous system in 
the Marsupialia ; and considers the more protracted period of 
viviparous utero-gestation in the higlier orders of Mammalia to 
be connected with their fuller developement of the parts subser- 
vient to the sensorial functions ; the more simple form, and infe- 
rior condition of the brain in Marsupialia, being attended with a 
lower degree of intelligence, and less perfect condition of the 
organs of voice. 

As this inferior condition of living Marsupialia shows this 
order to hold an intermediate place between viviparous and ovi- 
parous animals, forming, as it were, a link between Mammalia 
and Reptiles; the analogies afforded by the occurrence of the 
more simple forms of other classes of animals*in the earlier geo- 
logical deposits, would load us to exp<*ct also that the first forms 
of Mammalia would have been Marsupial. 

In a recent letter to myself, Mr. Owen adds the following in- 
teresting particulars respecting Uic physiology of this remarkable 
class of animals. ** Of the generality of the law, as regards the 
simple iinconvoluted form of the cerebrum in the Marsupials, 1 
have bad additional confirmation from recent dissections of a 
Dasyurus and Phalanyistu, With an organization defective in 
that part which 1 believe to be essential to the docility of the 
horse^ and sagacity of the dog, it is natural to suppose that the 
Marsupial series of warm-blooded quadrupeds would be insuff 
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forin of Ptieiddacti|rl£fii ■ The oarth|fa8 probably 
at diaC tiittO/ 'too' neaofa>’e^ WMi watot and 
those poitioBS of land* wldch had emeq^ above 
the^'Surface, ' too frequently agitided by 
ear^uakes, inundations, and atmospheric irre* 
guliurities, to be . extensively occupied by any 
Ugher. order of quadrupeds than rutiles. 

: 'As tile history of these reptiles, and also that 
c^the vegetable remains,* of the secondary for* 

ficient for the great purposes of the Creator, when the earth was 
rendered fit for the habitation of man. They do, indeed, afifurd 
the wandering savages of Australia a partial supply of food ; but 
it is more than doubtful that ahy of the species will be preserved 
by civilized man on the score of utility. The more valuable and 
tractable ruminants are already fast encroaching on the plains 
where the kangaroo was once the sole representative of the 
graminivorous Mammalia. 

** It is interesting, however, to observe, that the Marsupials, 
including the Monotremes, form a very complete series, adapted 
to the dissimilation of every form of organic matter; and, no 
doubt, with enough of instinctive precaution, to preserve them> 
selves from extermination, when surrounded witli enemies of no 
higher intellectual powers than the lleptilia. It would, indeed, 
be a strong support to the consideration of them as a distinct 
ovoviviparous sub-class of Mammals, if they should be found, 
as hitherto, to be the sole representatives of the highest class 
of Vertebrata, in the secondary strata.” — R. Owen. 

m 

^ The vegetable remains of the secondary strata differ from 
those of the transition period, and are very rarely accumulated 
into beds of valuable coal. The imperfect coal of the Cleveland 
Moorlands near Whitby, on the coast of Yorkshire, and that of 
Brora indie county of Sntherlaiid, occurs in the lower region of 
the oolke formation; that of Btickeberg in Nassau, is in the 
upper region of the sanieTormaiiott, and is of superior quality. 
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mlatioaiS, will be tnade a siilsjeet'Vc# ‘disdtict 
inquiry, it will here Suffice to Stt^, that the 
proofs of method and design in the ada^tiod of 
these extinct forms of organizi^on to the Vaned 
circumstances and conditions of the earth’s* ]pra-' 
gtessive stages of advancement, are amailar to 
those we trace in the structure of living animal 
and vegetable bodies; in each case, we argue 
that the existence of contrivances, adapted to 
jiroduce definite and useful ends, implies the 
anterior existence and agency of creative intel- 
ligence. 


Chapteh IX. 

Strata o/ the Tertiary Series. 

The Tertiary Series introduces a system of new 
phenomena, presenting formations in which the 
remains of animal and vegetable life approach 
gradually nearer to species of our own epoch. 
The most striking feature of these formations 
consists ill the repeated alterniltions of marine 
deposits, with those of fresh water (see PI. 1, 
sect. 25, 20, 27, 28). 

, We are indebted to Cuvier and Brogniart, for 
the first detailed account of the nature and 
relations of a very important portion of the 
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defoaitfr nSsme the chalk near l^aris. .Far a 
shoft.tiix^, these were supposed to be p^uiliar 
to that neighbouthood ; finrther. observation has 
discovered them to be parts of a great series of 
general foirmations, extending. largely over dlie 
whole world, and affording evidences of, at least, 
four distinct periods, in their order of succession, 
indicated by changes in the nature of the or- 
ganic remains that are imbedded in them.* 
Throughout all these periods, there seems to 
have been a continually increasing provision for 
the diffusion of animal life, and we have certain 
evidence of the character and numbers of the 


• In Vol. 11. of his Principles of Geology, Mr. Lyell has 
given an interesting map, showing the extent of the surface of 
Europe, which has been covered by water since the cominence- 
ment of the deposition of the tertiary strata. 

M. Boue, also, has published an instructive map, representing 
the manner in which central Europe was once divided into a 
series of separate basins, each maintaining, for a long time, the 
condition of a fresh- water lake ; those which were subject to oc- 
casional irruptions of the sea, would, for a while, admit of the 
deposition of marine remains ; the subsequent exclusion of the 
sea, and return to the condition of a fresh-water lake, would allow 
the same region to become the receptacle of the exuvitc of ani- 
mals inhabiting fresh water. — Synoptische Darstellung der Erd- 
rinde. Hanau, 1827. The same map, on a larger scale, appears 
in the second series of the Transactions of the Linnean Society of 
Normandy. 

In the Annals of PhUosophy, 1823, the Rev. W. D. Conybeare^ 
published an admirable memoir, illustrative of a similar geolo- 
gical map of Europe. 



78 TWHARY SERIES. 

■'* * ' .'"/'T'' 

isieatareR thait we*'e permitted to in-ifco 

multitude of shells and bones in the 

strata that were deposited during 
four epochs we are conMdering. ' ^ > 

M. Deshayes and Mr. Lyell hare recently 
prc^KMsed a fourfold divisi<H) of the mailne forma- 
tions of the tertiary series, founded on the pro- 
portions which their fossil shells bear to marine 
shells of existing species. To these dirisioias 
Mr. Lyell has applied the terms Eocene, Mid-' 
cene, Older Pliocene, and Newer Pliocene; and 
has most ably illustrated their history in the 
third volume of his Principles of Geology. 

The term Eocene implies the commencement 
or dawn of the existing state of the animal crea- 
tion ; the strata of this series containing a very 
small proportion of shells refenible to living 
species. The Calcaire Grossier of Paris, and 
the London clay, arc familiar examples of this 
older tertiary, or Eocene formation. 

The term Miocene implies that a minority of 
the fossil shells, in formations of this period, are 
of recent species. To this era are referred the 
fossil shells of Bordeaux, Turin, and Vienna. ' 

In formations of the Older, and Newer Plio- 
cene, taken together, the majority of the shells 
belong to living species; the recent species in 
the newer, being much more ..abundant than in 
the older division. 

To the Older Pliocene, belong the Sub-apen- 
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nine nuuriae formations, and die English Crag ; 
and to the Newer Pliocene^ the hiore recent 
marine deposits of Sicily, Ischia, and Toscany.* 

Alternating with these four great marine 
matihims above the chalk, there intervenes a 
fourfold series of other strata, containing aM Is 
which show them to have been formed in fresh 
water, accompanied by the bones of many ter- 
restrial and aquatic quadrupeds. 

The greater number of shells, both in the 
fresh-water and marine formations of the tertiary 
series, are so nearly allied to existing genera, 
that we may conclude, the animals by which 
they were formed, to have discharged similar 
functions in the economy of nature, and to have 
been endowed with the same capacities of enjoy- 
ment as the cognate mollusks of living species. 
As the examination of these shells would dis- 
close nearly the same arrangements and adap- 
tations that prevail in living sj)ccie8, it will 
be more important to investigate the extinct 


♦ The total number of known fosbil shells in the tertiary scries 
IS 3,036. Of these 1,238 are found in the Eocene ; 1,021 in the 
Miocene ; and 777 in the Older, and Newer Pliocene divisions. 

The numerical proportions of recent to extinct species may be 
thus expressed. — In the 

Newer Pliocene period* • . . 90 to 95 

Older Pliocene period .... 35 to 50 Per cent, arc of 

Miocene period 18 recent species, , 

Eocene period 3) 

— Lyeirt Geology, 4, Ed* vol. iti. p. 308. 
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genera of the higher orders of anime^, \rhich 
seem to have been constructed with a view 
to the temporary occupation of the earth, 
whilst the tertiary strata were in jnocess of 
formation. Our globe was no longer tenanted 
by those gigantic reptiles, which had been its 
occupants during the secondary period ; neither 
was it yet fit to receive the numerous tribes of 
terrestrial mammalia that are its actual inhabi'- 
tants. A large proportion of the lands which 
had been raised above the sea, being covered 
with fresh water, was best adapted for the abode 
of flu’viatile and lacustrine quadrupeds. 

Our knowledge of these quadrupeds is derived 
solely from their fossil remains; and as these 
are found chiefly (but not .exclusively) * in the 
fresh-water formations of the tertiary series, it is 
to them principally that our present attention 
will be directed. 

The remains of Palsnotherium occur, though very rarely, in 
the Calcaire Grossier of Paris. The bones of other terrestrial 
mammalia, occur occasionally in the Miocene and Pliocene marine 
formations, e. g. in Touraine and in the Sub-apennines. These 
are derived from carcases which, during these respective .periods, 
were drifted into estuaries and seas. 

No remains of mammalia have yrt been found in the Plastic 
clay formation next above the chalk ; the admixture of fresh- 
water and marine shells in this formation seems to indicate that it 
was deposited in an estuary. Beds of fresh-water shells are in- 
terposed more than once between the iwine strata of the Cal- 
caire Grossier, which are placed next above the plastic clay. 
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Mammalia of tiu Eocene* Period. 

In the first great fresh-water formation of the 
Eocene period, nearly fifty extinct species of 
mammalia have been discovered by Cuvier ; the 
greater number of these belong to the following 
extinct genera, in the order Pachydernuita,* viz. 
Palseotherium, Anoplotherium, Lophiodon, An- 
tiiracotherium, Cheropotamus, Adapis (see Plates 
Sand 4). t 

^ Cuvier’s order Pachydermata, i. e. animals having thick 
skins, includes thiee subdivisions of Herbhora, of which the 
Elephant, Rhinoceros, and Horse are respectively examples, 
t Palaotherium. 

The place of the genus Palmotheriura (see Plates 3 and 4) 
is intermediate between the rhinoceros, the horse, and tapir. 
Eleven or twelve species have already been discovered ; some as 
large as a rhinoceros, others varying from the size of a horse to 
that of a hog. The bones of the nose show that, like the tapir, 
they had a short fleshy trunk. These animals probably lived 
and died upon the margins of the then existing lakes and rivers, 
and their dead carcases may have been drifted to the bottom in 
seasons of flood. Some perhaps retired into the water to die. 

A noplot herium. 

Five species of Anothoplerium (see Plates 3, 4) have been 
found in the gypsum of the neighbourhood of Paris. The 
largest (A. Commune) being of the size of a dwarf ass, with a 
thick tail, equal in length to its body, and resembling that of an 
otter; its probable use was to assist the animal in swimming. 
Another (A. Medium) was of a size and form more nearly 
approaching the light and graceful character of the Gazelle ; a 
third species was nearly of the size of a Hare. 

The posterior molar tew the genus Anoplotherium resemble 
those of the rhinoceros 5^ their feet are terminated by two large 
toes, like the ruminating animals, whilst the composition of their 
o. o 
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The nearest approach among living animals 
to the form of these extinct aquatic quadrupeds, 
is found in the Tapirs that inhabit the warm 
regions of South America, Malacca, and Su- 
matra, and in the Daman of Africa. 

It is not easy to find a more eloquent and 
striking acknowledgment of the regularity and 
constancy of the systematic contrivances that 
pervade the animal remains of the fossil world, 
than is contained in Cuvier's Introduction to his 
account of the bones discovered in the gypsum 

tarsus is like that of the camel. The place of this g^enus stands, 
in one respect, between the rhinoceros and the horse; and in 
another, between the hippopotamus, tlie hog, and the camel. 

Lophiodon. 

The lophiodon is another lost genus, allied most nearly to the 
tapir and rhinoceros, and, in some respects, to the hippopotamus, 
atid connc?cted closely with the Pala'otheriiim and Anoplothe- 
rium. Fifteen species of Lophiodon have been ascertainisl. 

A nthrucotherium. 

The genus Anthracotheriuni was so called from its having 
lieeii first discovered in tlie Tertiary coal, or Lignite of Cadibona 
in T.lguria : it presents seven sp<‘cies, some of them approximat- 
ing to the size and <*haraeter of the Img ; others approaching 
nearly to that of a hippo(X)tanuis. 

('h vropota m m.v . 

The ChiTopotamns was an animal most nearly allied to the 
hogs; in some respeets approaching the Ilahironssa, and forming 
a link between the Anoplotheriiim and the Peccary. 

Adapts, 

Tlie last of the extinct Pachydermata found in the gypsum 
(piarries of Montmartre, is the Adapis. The form of this crea- 
ture most nearly ivscn\bled that of a hedgehog, but it was three 
times the size of that animal : it seems to have formed a link 
connecting the Pachydermata with the Insectivorous ('arnivora. 
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quarries the neighbourhood of Paris. It 
affords, to persons unacquainted with the mo- 
dem method of conducting physical researches, 
an example of the kind of evidence on which 
we found our conclusions, as to the form, cha*? 
racter, and habits of extinct creatures, that are 
knovm only through the medium of their fossil 
remains. After stating by what slow degrees the 
cabinets of Paris had been filled with innume- 
rable fragments of bones of unknown animals, 
from the gypsum quarries of Mont Martre, 
Cuvier thus records the manner in which he 
applied himself to the task of reconstructing 
their skeletons. Having gradually ascertained 
that there were numerous species, belonging 
to many genera, “ I at length found myself,” 
says he, “ as if placed in a charnel house, sur- 
rounded by mutilated fragments of many hun- 
dred skeletons, of more than twenty kinds of 
animals, piled confusedly around me: the task 
assigned me was, to restore them all to their 
original i)osition. At the voice of comparative 
anatomy, every bone, and fragment of a bone, 
resumed its place. 1 cannot find words to 
express the pleasure 1 cjxpcricnccd in seeing, 
as I discovered one character, how all the 
consequences, which I predicted from it, were 
successively conhrmed ; the feet were found in 
accordance with the characters announced by 
the teeth ; the teeth m harmony with those 
indicated beforehand by the feet; the bones 
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of the 4©^ and thigh$» end ev^j, ^necttfig 
portion of the ex^mities, were found set together 
"j^recisely as I had arranged them^ before my 
cbi\jectures were verified by the discovery of|he 
parts entire : in short, each species was, as it 
were, reconstructed from a single one of |ts 
component elements.” (Cuvier's Ossemens Fos- 
siles, 1812, tom. iii. Introduction, p. 3, 4.) 

Thus, by placing before his readers the 
progress of his discovery, and restorations of 
unknown species and genera, in the same 
irregular succession In which they occurred to 
him, he derives from this disorder the strongest 
demonstration of tlio accuracy of the principles 
which formed his guide throughout the whole 
enquiry ; the last found fragments confirming 
the conclusions he had drawn from those first 
brought to light, and his retrograde steps being 
as nothing, in comparison witli his predictions 
which were verified. 

Discoveries thus conducted, demonstrate the 
constancy of the laws of co-existence that have 
ever pervaded all animated nature, and place 
these extinct genera in close connexion with the 
living orders of Mammalia. 

We may estimate the number of the animals 
eollected in the gypsum of Mont Martre, from 
the fact, stated by Cuvier, that scarcely a block 
is taken from these quarries which does net 
disclose some fragment of a fossil skeleton. 
Millions of such bones, he adds, must liuve been 
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destroyed, before attention was dlreci^ to^tlie 
subject. 

Tbe subjoined list of fossil animals found in 
th6 gypsum quarries of the neighbourhood of 
Paris, affords important information as to the 
population of this first lacustrine portion of the 
tertiary series.* (See PI. I. Figs. 73 to 96.) 


* List op Vehtebual Anim.at.s found in tiif Gypsum 
OF THE Basin of Paris, 


Puchytlcrmata 


Palccotheriuin . 
Anoplotherium 
rhcropotaiuiis. 

A (lapis 

fBat. 


[ r.xtiiict spocics, of 
f t'xtinct gonera. 


J 


rLargc Wolf, tlifFering from any 
Caiiis. .< cxistiu;^ species. 

IFox. 


Carnivorit 


Coatis (Nasua, Storr), lar}2;c Coati, now 
native of the warm parts of Ainorica. 
Racoon (Procyon, Storr), Nortli America. 
Gcncttc (Gcnclta, Cuv., V^iverra Gcnelln, 
Linn.), now extending from South of 
Riirope to ('ape of Good Hope. 


Marsupialia, . f Opossum, small (Didciphis, Linn.), allied to 
the Opossum of North and South America. 

Rodentia .... rOormousc(Myoxus,Gm,),two small species. 
\S(iuirrcl (Sciurus). 


Birds 


Reptiles 


Birds, nine or ten species, referriblc to the 
following genera : Buzzard, Owl, Quail, 
Woodcock, Sea-Lark (Tringa), Curlew, 
and Pelican, 

r Fresh-water Tortoises, Trionyx, Erays. 
\Crocodile. 


Seven extinct species, of extinct Genera. Ayass, 


Pukes 


Extinct species belonging to existing genera. 
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hiany and'extinct 

gen^ of* that are ehuhierated in 

this list, the occurrence of nine or' ten extinct 
species of fossil Birds in the Eocene period *bf 
the tertiary series, forms a striking phaiomenon 
in the history of organic remains.* 

In this small number of species, we have 
seven genera ; and these afford examples of four, 
out of the six great Orders into which the exist- 
ing Class of Birds is divided, viz. Accipitres, 
Gallinaceae, Grail®, and Palmipedes. Even the 
eggs of aquatic birds have been preserved in the 
lacustrine formations of Coumon, in Auvergne.f 

♦ Ibc only remains of Birds yet noticed in strata of the Se- 
condary series are the bones of some Wader, larger than a com- 
mon Heron, found by Mr. Mantell in the fresh-water formation 
of Tilgate Forest. The bones at Stonesfield, once supposed to 
*be derived from Birds, are now referred to Pterodactyles. A 
discovery has recently been made in America by Professor Hitch- 
cock, of the footsteps of Birds in the New Red sandstone of the 
valley of the Connecticut, which he refers to at least seven 
species, all apparently Waders, having very long legs, and of 
various dimensions from the size of a Snipe, to twice the si^e of 
an Ostrich. (See PI. 26\ 2G^) 

t In the same Eocene formation with these eggs, there occur 
also the remains of two species of Anoplotherium, a Lophidon, 
an Anthmerotherium, a Hippopotamus, a ruminating animal, a 
Dog, a Martin, a Lagomys, a Rat, one or two Tortoises, a Croco- 
dile, a Serpent or Lizard, and three or four species of Birds. 
These remains arc dispersed singly, as if the animals from which 
^hoy 'Were derived had decomposed slowly and at different in- 
tervals, and thus fragments of their bodies had been lodged 
irregularly in various parts of the bottom of the ancient lake : 
these bones are sometimes broken, but never rolled. 
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^ V, app^^ j^|iaaa| ^iigd was tjius 

early e^||Ushed, on Ijio 6aine,gei|jei:al prlu* 
cip|e^ thatj now prevail ; not only did the four 
pr^nt Classes of Vertebrata exist ; and among 
the Orders Pachydermata, Carmi 
vora, Rodentia, and Marsupialia ; but many of 
the genera also, into #]^ich living families arc 
distributed, weri^ ^sociated together in the same 
^stem of adaptations and relations, which they 
hold to each other in the actual creation* The 
Pachydermata and Rodentia were kept in check 
by the Carnivora — the Gallinaceous birds were 
controlled by the Accipitres. 

“ Le Regne Animal, i\ ces 6poques reculees, 
fetait compost d’apr^s les memes lois; il com- 
prenoit les memes classes, les memes families 
que de nos jours ; et en effet, parmi les divers 
syst^mes sur rorigine des etres organises, il n’en 
est pas de moins vraisemblable que celui qui en 
fait naitre successivement les difl’6rens genres 
par des devcloppemcns ou des m6tamorj)hoses 
graduelles,’’ (Cuvier, Oss. Foss. t. 8^ p. 2f)7.) 

This numerical preponderance of Pachyder- 
mata^ among the earliest fossil Mammalia, be* 
yoitd thg proportion they bear among existing 
quadrupeds, is a remarkable fact, much insisted 
on by Cuvier; because it supplies, from the 
Relics of a former world, many intermediate 
forms which do not occur in the present distri- 
bution of that important Order. As the living 
genera of Pachydermata aie more widely sepa- 
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hne 0mA <0im» Wy 

iJlvdegr Ufammalia* it in tan fiU tlxwc 

vacant intervals with the £wU genera of a &>iiEna] 
state of the earth; thus supplying links tSal 
appeared deficient in the grand continuous chain 
which connects all past and present fornu^ 
organic life, as p&its ^ one great system oi 
Creation* 

As the bones of all these animals found in the 
earliest series of tlie tertiary deposits are accom- 
panied by the remains of reptiles, such as now 
inhabit the fresh waters of warm countries, e* g. 
the Crocodile, Emys, and Trionyx (see PI. 1, 
Figs. 80, 81, 82), and also by the leaves and 
prostrate trunks of palm trees (PI. 1, Figs. 60, 
68f and PL 60), we cannot but infer that the 
temperature of France was much higher than it 
is at present, at the time when it was occupied 
by these plants and reptiles, and by Mammalia 
allied to families which are natives of some of 
the warmest latitudes of the present earth, e. g. 
the Tapir, Rhinoceros, and Hippopotamus. 

The frequent intrusion of volcanic rocks is 
a remarkable accompaniment of the tertiary 
strata of the Eocene period, in various parts of 
Europe; and changes of level, resulting from 
volcanic agency, may partially explain the fact, 
that portions of the same districts became alter* 
nately the receptacles of fresh and salt water. 

The fresh-water calcareous deposits of this 
period are also highly important, in relation to 



* We see that thermal tpthi|g(s» in volcanic dklrictt, 

earth, so highly with carbonate of lime, aa to 

overspread large tracts of Witif tieda of calcareous tufa, 

or travertino. The waters that from the Lago # Tartaro, 
near Rome, ai^ the hot springs of San Filippo, on the borders 
of .<Tu8caBf^ ^ well known examples of this phenomenon. 
These existing operations afford a nearly certain explanation of 
^ origin of extensive beds of limestone in fresh-water lakes of 
the tertiary period, where w*e know them to have been formed 
during, seasons of intense volcanic activity. They seem also to 
indicate the probable agency of thermal waters in the formation 
of still larger calcareous deposits at the bottom of the sea, during 
preceding periods of the secondary and transition scries. 

It is a difficult problem to account for the source of llie 
enormous masses of carbonate of lime that compose nearly one- 
eighth part of the superficial crust of the globe. Some have 
referred it entirely to the secretions of marine animals; an 
origin to which we must obviously assign those portions of 
calcareous strata which are composed of comminuted shells and 
corallines : but, until it can be shown that these animals have 
the power of forming lime from other elements, we must suppose 
that they derived it from the sea, either directly, or through the 
medium of its plants. In cither case, it remains to find the 
source whence the sea obtained, not only these supplies of car- 
bonate of lime for its animal inhabitants, but also the still larger 
quantities of the same substance, that have been precipitated 
in the form of calcareous strata. 

We cannot suppose it to have resulted, like sands and clays, 
from the mechanical detritus of rocks of the granitic series, 
because the quantity of lime these rocks contain, bears no pro- 
portion to its large amount among the derivative rocks. The 
only remaining hypothesis seems to* be, that lime was continually 
introduced to lakes and seas, by water that had percolated rocks 
through which calcareous earth was disseminated. 
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Mmem Pem4- 

Hie second, oi Miocene System of Terfi4ry 
jDeposUst conteins an ftd^litxture of tlte ex^ct 
genera, oi lacu^tilae yateinalia, of the first or 
Eocene series, thj^Ofijdiest forms of gefi'^ta 
which exist at the prteeht time. This admix- 
ture was first noticed by M. Desnoyers, in the 
marine formations of the Faluns of Touraine.* 

Although carbonate of lime occurs not in distinct masses 
among rocks of igneous origin, it forms an ingredient of lava 
and basalt, and of various kinds of trap rocks The calcarcoub 
matter thus dispersed through the substance of these volcanic 
rocks, seems to afford a magazine from which percolating water, 
charged with carbonic acid gas, may, in the lapse of ages, 
have derived sufficient carbonate of lime to form all the existing 
strata of limestone, by successive precipitates at the bottom of 
ancient lakes and seas, Mr. De la Bcche states the quantity 
of lime in granite composed of two-fifths quartz, two-fifths 
felspar, and one-fifth mica, to be 0.37 ; and in greenstone, com- 
posed of equal parts of felspar and hornblende, to be 7.29. 
((tool. Researches, p. 379 .) — The compact lava of Calabria con- 
taitts 10. of carbonate of lime, and the basalt of Saxony 9.5. 

We may, in like manner, refer the origin of those large 
quantities of silex, which constitute the chert and flint beds 
of stratified formations, to the waters of hot springs, holding 
siliceous earth in solution, and depositing it on exposure to 
reduced degrees of temperature and pressure, as silex is deposited 
by the hot waters that issue from the geysers of Iceland, 

* Here, the remains of Palffiotherium, Anthracotherium, and 
Lophiodon, which formed the prevailing genera in the Eocene 
period, are found mixed with bones of the Tapir, Mastodon, 
Rhinoceros, Hippopotamus, and Horse : these bones are frac- 
tured and rolled, and sometimes covered with flustra, and must 
have been derived from carcases drifted into an estuary, or sea. 
Annalesdes Sciences NatureUes. Fivner, 1828. 



MAMMA&I& OP/MIOCBNE PERIOD. 


Similar adiuistmnM itava found ip^Ba- 

varia,* mid ntear DidttedtaiU^t ' Iheae 

also indicate a laedatriiM, fir straop^y 
'oo^hion of the regippurthey inhabited ; «ae <rf 
thorn, tbe Binotheriom^, gig|,nteum 


* Count Munster and ^t^jSlundilidn have discovered, at 
Georgensgemtind, in Bavnria/^itie bdnes of Paleeotherinm, Ano- 
plotheriutn, and Anthincotherium, Mixed with those of Mastodon, 
RhinoceroS| Hippopotamus, Horse, Ox, Bear, Fox, &c, ; and 
several species of land shells. 

A very interesting detailed description of the remains found 
at this place has been published by Hermann von Meyer, 
Frankfurt, 1834, 4to. with 14 plates. 

t \Vc learn from the excellent publication of Professor Kaup, 
of Darmstadt, that at Epplesheim, near Altzcy, about twelve 
leagues south of Mayence, remains of the following animals ha>c 
been found, in strata of sand, refcrrible to the second or Miocene 
|)eriod of the tertiary formations. These are preserved in the 
museum at Darmstadt. 


Ntinib* r o( 
bpiClLH 


Dinotherium 2 

Tapirus 2 

Chalicotherium 2 

Rhinoceros 2 

Tetracaulodon I 

Hippotheriuin 1 

Sus 3 

Felis 4 

Machairodus 1 

<5ulo 1 

Agnotlicrium 1 


'Gigantic Hcibivorous 
Animals fifteen and 
, eighteen feet long. 
Larger than living spe- 
cies. 

. . . . Allied to Tapirs, 

. . Allied to Mastodon. 

. . . Allied to the Horse 
... Hog. 

Large Cats, some as 
k large as a Lion. 
Allied to Bear. Ursus 
* ' \ Cuitndens. 

. . , Glutton. 


{ Allied to Dog, large 
as a Lion. 

See Description d’Osscmcns Fossilcs, par Kaup. Durmsl. 1832 



Cuvier), is calcul«|e4' .to i^ave been 
aghteen feat in length,' and was much the largest 
of idl terrestrial Mammalia yet discoVered, 
Deeding even the largest fossil elephant. 

The Dinotherium will be described in a sub- 
sequent chapter. 

Mammalia of the Plioc^ Periods. 

The third, and fourth, or Pliocene divisions 
of the tertiary fresh-water deposits,* contain no 
more traces of the extinct lacustrine genera of 
the Palseotherian family, but abound in extinct 
species of existing genera of Pachydermata, 
c. g. Elephant, Rhinoceros, Hippopotamus, and 
Horse, together with the extinct genus Mas- 
todon. With these also occur the first abundant 
traces of Ruminantia, e. g. Oxen and Deer. 
The number of Rodentia becomes also enlarged ; 
and the Carnivora assume a numerical import- 
ance commensurate with the increased numbers 
of terrestrial herbivora. 

The seas, also, of the Miocene and Pliocene 
periods, were inhabited by marine Mammalia, 
consisting of Whales, Dolphins, Seals, Walrus, 
and the Lamantin, or Manati, whose existing 
species are chiefly found near the coasts and 
mouths of rivers in the torrid zone (see PI. 1 , 
Figs. 97 to 101). The presence of the Lamantin 
adds another argument to those which arise from 


periods. . m 

the tropic^ chBi«t^‘ ' other animals, 
^ea of the latest tertiary strata, in favour of the 
opinion, that the climate of Europe maintained 
a high, though probably a gradually decreasing 
temperature, even to the latest period of the 
tertiary formations. 

We have many sources of evidence whereby 
the history of the Pliocene periods is illustrated : 
First, we have the remains of terrestrial animals, 
drifted into estuaries or seas, and preserved 
together with marine shells ; such are the Sub- 
apennine marine formations, containing the re- 
mains of Elephant, Rhinoceros, &c. and the 
Crag of Norfolk.* 

Secondly, we have similar remains of terres- 
trial quadrupeds, mixed, with fresh- water shells, 
in strata formed during the same epoch, at the 
bottom of fresh-water lakes and ponds ; such as 
those which occur in the Val D’Arno, and in the 
small lacustrine deposit at North Cliff, near 
Market ' Weighton, in Yorkshire. (See Phil. 
Mag. 1821), vol. vi. p. 225.) 

Thirdly, we have remains of the 'same animals 

In the museum at Milan, I have .seen a large part of the 
skeleton of a Rhinoceros, from the Siib-apennine formation, 
having oyster shells attached to many of its bones, in such a 
manner as to show that the skeleton must have remained undis- 
turbed for a considerable time at the bottom of the sea. Cuvier 
also states that in the museum at Turin there is the head of au 
elephant, to which shells of the same kind similarly attached, 
and fitted to the form of the bones. 
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in caverns and fissur^ of- rocks, which formed 
parts of the dry land during the more recent 
portions of the same period. Such are the bones 
collected by Hyasnas, in the caves of Kirkdale, 
Kent’s Hole, Lunel, &c. : and the bones of 
Bears in caverns of the limestone rocks of 
central Germany, and the Grotte d’Osselles, 
near Besan^on. Such also suje the bones of the 
osseous breccia, found in fissures of limestone 
rocks on the northern shores of the Mediter- 
ranean, and in similar fissures of Timestone at 
Plymouth, and in the Mendip Hills in Somerset. 
These are derived chiefly from herbivora which 
fell into the fissures before they were partially 
filled with the detritus of a violent inundation. 

Fourthly, we have the same remains con- 
tained in deposits of diluvial detritus, dispersed 
ov(T the surface of formations of all ages. 

As I have elsewhere (Reliquiae. Diluvianae) * 

* The evidence which I have collected in my Reliquim 
viantti, 1823, shows, that one of the last great physical events 
that have affected the surface of our globe, was a violent inun- 
dation, which overwhelmed great part of the northern hemis- 
phere, and that this event was followed by the sudden disap- 
pearance of a large number of the species of terrestrial qua- 
drupeds, which had inhabited these regions in the period imme- 
diately preceding it. I also ventured to apply the name Dilu- 
vium to the superficial beds of gravel, clay, and sand, which 
appear to have been produced by this great irruption of ^vate^. 

The description of the facts that form the evidence presented 
in this volume, is kept distinct from the question of the identity 
of the event attested by them, with any deluge recorded hi 
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entered into the : evidence illustrating the 
state of animal life, during the period imme- 
disdely preceding the formation of this diluvium, 
1 must refer to that work fer details respecting 
the nature and habits of the then existing popu- 
lation of the earth. It appears that at this 
epoch, the whole surface of Europe was densely 
peopled by various orders of Mammalia; that 
the numbers of the herbivora were maintained 
in due proportion by the controlling inducnre of 
carnivora; and that the individuals of every 
species were constructed in a manner fitting 

history. Discoveries which have been made, since the publica- 
tion of this work, show that many of the animals therein de- 
scribed, existed during more than one geological period preceding 
the catastrophe by which they were extirpated. Hence it seems 
more probable, that the event in question, was the last of the 
many geological revolutions that have been produced by violent 
irruptions of water, rather than the comparatively tranquil inun- 
dation described ^ the Inspired Narrative. 

It has been justly argued, against the attempt to identify 
these two great historical and natural phenomena, that as the 
rise and fall of the waters of the Mosaic deluge are described to 
have Ixjen gradual, and of short duration, they would have pro- 
duced comparatively little change on the surface of the country 
they overflowed. The large preponderance of extinct species 
among the animals we find in caves, and in superficial deposits of 
diluvium, and the non-discovery of human bones along with 
them, afford other strong reason for referring these species to a 
period anterior to the creation of man. This important point, 
however, cannot be considered as completely settled, till more 
detailed investigations of the newest members of the Pliocene, 
and of the diluvial and alluvial formations shall have taken 
place. 
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each to ite own enjoyment of the pleasures of 
existence, and placing it in due and useful 
relations to the animal and vegetable kingdoms 
by which it was surrounded. 

Every comparative anatomist is familiar with 
the beautiful examples of mechanical cmitri- 
vance and compensations, which adapt each 
existing species of herbivora and carnivora to 
its own peculiar place and slate of life. Such 
contrivances began not witli living species : the 
geologist demonstrates their prior Existence in 
the extinct forms of the same genera which he 
discovers beneath the surface of the earth, and 
he claims for the Author of these fossil forms 
under which tlie first types of such mechanisms 
were embodied, the same high attributes of 
Wisdom and Goodness, the demonstration of 
which exalts and sanctifies the labours of sci- 
ence, in her investigation of the 'Organizations 
of the living world. 
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Chapter X. 

Relations of the Earth anrf its Inhabitants 
to Man. 

From the statements which have been made in 
the preceding chapters, it appears that five 
principal causes have been instrumental in pro- 
liucing the actual condition of the surface of our 
llobe. First, The passage of the unstratified 
Crystalline rocks, from a fluid to a solid state. — 
Secondly, The deposition of stratified rocks at 
the bottom of the ancient seas. — Thirdly, The 
elevation both of stratified and iinstratifiod rocks 
from beneath the sea, at successive intervals, to 
form continents and islands. — Fourthly, Violent 
inundations; and the decomposing Power of 
atmospheric agents ; producing partial destruc- 
tion of these lands, and forming, from their 
detritus, extensive beds' of gravel, sand, and 
clay. — Fifthly, Volcanic eruptions. 

We shall form a better estimate of the utility 
of the complex disposition of. the materials of 
the earth, which has resulted from the operations 
of all these mighty conflicting forces, if we 
consider the inconveniences that might have 
attended other arrangements, more simple than 

G. H 
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those which actually exist. Had the earth's 
surface presented only one unvaried mass of 
granite or lava; or, had its nucleus been sur- 
rounded by entire concentric coverings of strati- 
fied rocks, like the coats of an onion, a single 
stratum only would have been accessible to its 
inhabitants; and the varied intermixtures of 
limestone, clay, and sandstone, which, under 
the actual disposition, are so advantageous to 
the fertility, beauty, and habitability, of the 
globe, would have had no place. 

Again, the inestimably precious treasures of 
mineral salt and coal, and of metallic ores, con- 
fined as these latter chiefly are, to the older 
series of formations, would, under the supposed 
more simple arrangement of the strata, have 
been wholly inaccessible; and we should have 
been destitute of all these essential elements of 
industry and civilization. Under the existing 
disposition, all the various combinations of strata 
with their valuable contents, whether produced 
by the agency of subterranean fire, or by mecha- 
nical, or chemical deposition beneath the water, 
have been raised above the sea, to form the 
mountains and the plains of the present earth ; 
and have still further been laid open to our re^h, 
by the exposure of each stratum, along the sides 
of valleys. 

With a view to human uses, the production 
of a soil fitted for agriculture, and the general 
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dispersion of metals, more especially of that 
most important metal iron, were almost essential 
conditions of the earth’s habitability by civilized 
man. 

I would in this, as in all other cases, be un- 
willing to press the theory of relation to the 
human race, so far as to contend that all the 
great geological phenomena we have been con- 
sidering were conducted solely and exclusively 
with a view to the benefit of man. We may 
rather count the advantages he derives from 
them as incidental and residuary consequences ; 
which, although they may not have formed tlie 
exclusive object of creation, wei’e all foreseen 
and comprehended in the plans of the Great 
Architect of that Globe, which, in his appointed 
time, was destined to become the scene of human 
habitation.* 


• ** It is true that by applying ourselves to the study of nature, 

we daily find more and more uses in things that at first appeared 
useless. But some things arc of such a kind as not to admit of 
being applied to the benefit of man, and others too noble for us 
to claim the sole use of them. Man has no farther concern with 
this earth than a few fathoms under his feet: was then the 
whole solid globe made only for a foundation to support the 
slender shell he treads upon? Do the magnetic effluvia course 
incessantly over land and sea, only to turn here and there a ma- 
riner’s compass? Are those immense bodies, the fixed stars, 
hung up for nothing but to twinkle in our eyes by night, or to 
find employment for a few astronomers ? Surely be must have 
an overweening conceit of man’s importance, who can imagine 
this stupendous frame of the universe made for him alone. 
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With respedfe- to . ^Ii6' animal kingdom, we 
acknowledge with gratitude, that among the 
higher classes, there is a certain number of 
living species, which are indispensable to the 
Slipl^y of human food and raiment, and to the 
aid "of civilized man in his various labours and 
occupations ; and that these are endowed with 
dispositions and faculties which adapt them in 
a peculiar degree for domestication :* but their 
number bears an extremely small proportion to 
the total amount of existing species; and with 
regard to the lower classes of animals, there are 
but very few among their almost countless multi- 
tudes, that minister either to the wants or luxuries 

Nevertheless, we may so far acknowledge all things made for 
man as that his uses are regarded conjointly with those of other 
creatures, and that he has an interest in every tiling reaching his 
notice, and contributing cither to the support of his body, the 
improvement or entertainment of his mind. The satellites that 
turn the night of Jupiter into day, assist him in ascertaining the 
longitude, and measuring the velocity of light : the mighty sun, 
that like a giant holds the planets and comets in their orbits, 
enlightens him with its splendour, and cherishes him with Us 
warmth: the distant stars, whose attraction probably confines 
other planets within their vortices, direct his course oyer the 
boundless sea, and the inhospitable desert/*— Tucker’s Light of 
Nature, book iii. chap. ix. p. 9. 

See an excellent note on prospective provisions, to afford ma- 
terials for human arts, and having reference to the future disco- 
veries of human science, in Rev. W. D. Conybeare’s Inaugural 
Address to Bristol College, 1831. 

* See Lyell’s Principles of Geology, 3rd edit. vol. ii. Inxik 3, 
0. 3. 
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of the human race. Even could it be proved 
that all existing species are serviceable to man, 
no such inference could be drawn with respect 
to those numerous extinct animals which Geology 
shows to have ceased to live, long befoife ^r 
race appeared upon the earth. It is surely hiore 
consistent with sound philosophy, and with all 
the information that- is vouchsafed to us respect- 
ing the attributes of the Deity, to consider each 
animal as having been created first for its own 
sake, to receive its portion of that enjoyment 
which the Universal Parent is pleased to impart 
to each creature that has life ; and secondly, to 
bear its share in the maintenance of the general 
system of co-ordinate relations, whereby all 
families of living beings are reciprocally sub- 
servient to the use and benefit of one another. 
Under this head only can we include their rela- 
tions to man ; forming, as he does, but a small, 
although it be the most noble and exalted part, 
of that vast system of universal life, wdth which 
it hath pleased the Creator to animate the sur- 
face of the globe. 

“ More than three-fifths of the cartirs surface,” 
'^ays Mr, Bakewell, “ are covered by the ocean ; 
and if from the remaining part w^c deduct tfie 
space occupied by polar ice and eternal snow, 
by sandy deserts, sterile mountains, marshes, 
rivers and lakes, the habitable portion uill 
scarcely exceed one-fifth of the whole of the globe. 
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Nor have we reason to believe that at any former 
period the dominion of man pver the earth was 
more extensive than at present. The remaining 
four-fifths of our globe, though untenanted by 
mimkind, are for the most part abundantly 
stocked with animated beings, that exult in the 
pleasure of existence, independent of human 
control, and no way subservient to the neces- 
sities or caprices of man. Such is, and has been 
for several thousand years, the actual condition 
of our planet ; nor is the consideration foreign to 
our subject, for hence we may feel less reluct- 
ance in admitting the prolonged ages or days of 
creation, when numerous tribes of the lower 
orders of aquatic animals lived and flourished, 
and left their remains imbedded in the strata 
that compose the outer crust of our planet.” 
Bakewell’s Introduction to Geology, 4th edit. 
p.O. 
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Chapter XI. 

Supposed Cases of Fossil Human Bones. 

Before we enter on the consideration of the 
fossil remains of other animals, it may be right 
to enquire whether any traces of the human 
species have yet been found in the strata of the 
earth. 

The only evidence that has been yet collected 
upon this subject is negative; but as far as 
this extends, no conclusion is more fully estab- 
lished, than the important fact of the total 
absence of any vestiges of the human species 
throughout the entire series of geological forma- 
tions.* Had the case been otherwise, there 
would indeed have been great difficulty in re- 
conciling the early and extended periods which 
have been assigned to the extinct races of 
animals with our received chronology. On the 
other hand, the fact of no human remains 
having as yet been found in conjunction with 
those of extinct animals, may be alleged in con- 
firmation of the hypothesis that these animals 
lived and died before the creation of man. 

* See Lyell’s Principles of Oeolo^, vol. i. pp. 153 and 159, 
first edit. 1830. 



* One of these skeletons is preserved in the British Museum, 
and has been described by Mr. Kbnig, in the Phil. Trans, for 1814, 
vol. civ. p. 101 . According to General Ernouf, (Lin. Trans. 1818, 
vol, xii, p. 53), the rock in which the human bones occur at 
Guadaloupe, is composed of consolidated sand, and contains also 
shells, of species now inhabiting the adjacent sea and land, to- 
gether with fragments of pottery, arrows, and hatchets of stone. 
The greater number of the bones are dispersed. One entire 
skeleton was extended in the usual position of burial ; another, 
which was in a softer sandstone, seemed to have been buried in 
the sitting position customary among the Caribs, The bodies thus 
differently interred, may have belonged to two different tribes. 
General Ernouf also explains the occurrence of the scattered 
bones, by reference to a tradition of a battle and massacre on 
this spot, of a tribe .of Gallibis by the Caribs, about the year 
1710. These scattered bones of the massacred Gallibis were 
probably covered, by the action of the sea, with sand, which soon 
after became converted to solid stone. 

On the west coast of Ireland, near Killery Harbour, a sand 
hank, which is surrounded by the sea at high water, is at this 
lime employed by the natives as a place of interment. 
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There is, however, no reason to consider these 
bones to be of high antiquity, as the rock in 
which they occur is of very recent formation, 
and is composed of agglutinated fragments of 
shells and corals which inhabit the adjacent 
water. Such kind of stone is frequently formed 
in a few years from sand-banks composed of 
similar materials, on the shores of tropical seas. 

Frequent discoveries have also been made of 
human bones, and rude works of art, in natural 
caverns, sometimes inclosed in stalactite, at 
other times in beds of earthy materials, which 
are interspersed with bones of extinct species of 
quadrupeds. These cases may likewise be ex- 
plained by the common practice of mankind in 
all ages, to bury their dead in such convenient 
repositories. The accidental circumstance that 
many caverns contained the bones of extinct 
species of other animals, dispersed through the 
same soil in which human bodies may, at any 
subsequent period have been buried, affords no 
proof of the time when these remains of men 
were introduced. 

Many of these caverns have been inhabited 
by savage tribes, who, for convenience of occu- 
pation, have repeatedly disturbed portions of soil 
in which their predecessors may have been 
buried. Such disturbances will explain the occa- 
sional admixture of fragments of human skele- 
tons, and the bones of modern c|na(lnipeds, with 



lOG ORGANIC REMAINS 

those of extinct species, introduced at more early 
periods, and by natural causes. 

Several accounts have been published within 
the last few years of human remains discovered 
in the caverns of France, and the province of 
Liege, which are described as being of the same 
antiquity with the bones of Hyaenas, and other 
extinct quadrupeds, that accompany them. Most 
of these may probably admit of explanation by 
reference to the causes just enumerated. In 
the case of caverns which form the channels of 
subterranean rivers, or which are subject to 
occasional inundations, another cause of the ad- 
mixture of human bones, with the remains of 
animals of more ancient date, may be found in 
the movements occasioned by running water. 


Chapter XIL 

General History of Fossil Organic Remains, 

As “ the variety and formation of God’s creatures 
in the animal, vegetable, and mineral kingdoms” 
are specially marked out by the founder of this 
Treatise, as the subjects from which he desires 
that proofs should be sought of the power, 
wisdom, and goodness of the Creator ; I shall 
enter at greater length into the Evidences of this 
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kind, Mbrded by fossU organic remains, than I 
might have done, without such specific directions 
respecting the source from which my arguments 
are to be derived. I know not how I can better 
fulfil the object thus proposed, than by attempt- 
ing to shew that the extinct species of Animals 
and Vegetables which have, in former Periods, 
occupied our Planet, afford in their fossil re- 
mains, the same evidences of contrivance and 
design that have been shewn by Ray, Derham, 
and Paley, to pervade the structure of existing 
Genera and species of organized Beings. 

From the high preservation in which we find 
the remains of animals and vegetables of each 
geological formation, and the exquisite mecha- 
nism which appears in many fossil fragments of 
their organization, we may collect an infinity 
of arguments, to show that the creatures from 
which all these are derived were constructed 
with a view to the varying conditions of the 
surface of the Earth, and to its gradually in- 
creasing capabilities of sustaining more complex 
forms of organic life, advancing through succes- 
sive stages of perfection.* 

* When we speak of different forms of animal life, as pos- 
sessing various degrees of perfection, we do not impute to any 
creature the presence of absolute imperfection, we mean only, 
that animals of more simple structure discharge a lowtr office 
in the gradually descending scale of animated .beings. AH per- 
fection has relation to the object proposed to be attained by 
each form of organization that occurs in nature, and nothing 
Can be called imperfect which fully accomplishes the end pro- 
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J'OW facts are more remarkable in the 'history 
of the progress of human discovery, than that it 
should have been ‘ reserved almost entirely for 
the researches of the present generation, to arrive 
at any certain knowledge of the existence of 
the numerous extinct races of animals, which 
occupied the surface of our planet, in ages pre- 
ceding the creation of man. The rapid progress, 
which during the last half century, has been 
made in the physical sciences, enables us now 
to enter into the history of Fossil Organic Re- 
mains, in a manner which, till within a very 
few years, would have been quite impracticable ; 
during these years the anatomy of extinct species 
of Quadrupeds has been most extensively investi- 


posed : thus a Polype, or an Oyster, are as perfectly adapted to 
their functions at the bottom of the sea, as the wings of the 
Kagle are perfect, as organs of rapid passage through tl)C air, 
and the feet of the stag perfect, in regard to their functions 
of effecting swift locomotion upon the land. 

Unusual deviations from ordinary structure appear monstrosities 
only, until considered with reference to their peculiar use, but 
are proved to be instruments of perfect contrivance, when we 
understand the nature of the service to wliieh they are applied : 
thus; the beak of the Cross Bill (lx)xia cuivirostra, Linn.) would 
be an awkward instrument if applied to the ordinary service of 
the beaks of the Pas.serine Order, to which this bird belongs ; 
but viewed in relation to its peculiar function of extracting seeds 
from between the indurated scales of Fir cones, it is at once seen 
to be aif instrument of perfect adaptation to its intended work. 

The Perfection of an organized Body is usually considered to 
be ill proportion to the Variety and compound Nature of its 
parts, as the imperfection is usually coiisideied to he In the 
Ratio of its Simplicity. 
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gated^ the greatest of comparative anatomists 
has devoted ^lueh of bis time and talent to 
illustrate their organization. Similar inquiries 
have been carried on also by a host of other 
enlightened and laborious individuals, conduct- 
ing independent researches in various countries, 
since the commencement of the present century ; 
hence our knowledge of the osteology of a large 
number of extinct genera and species, now rests 
on nearly the same foundation, and is estab- 
lished with scarcely less certainty, than the 
anatomical details of those creatures that present 
their living bodies to our examination. 

We can hardly imagine any stronger proof of 
the Unity of Design and Harmony of Organiza- 
tions that have ever pervaded all animated 
nature, than wc find in the fact established by 
Cuvier, that from tlie character of a single limb, 
and even of a single tooth or bone, the form and 
proportions of the othcT bones, and condition of 
the entire Animal may be inferred. This law 
prevails, no less universally, throughout the 
existing kingdoms of animated nature, than in 
those various races of extinct creatures that have 
preceded the present tenants of our planet ; 
hence not only the framework of the fossil 
skeleton of an extinct animal, but also the cha- 
racter of the muscles, by which each bone was 
moved, the external form and figure of the body, 
the food, and habits, and haunts, and mode of 
life of creatures that ceased to exist before the 
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crealtoji of the himmu.mce, eaa .wifch^ ^ titigh 
degree of peahability "be a^rteioed. 

Concurrent with thie rapid extension of our 
knowledge <tf the comparative anatomy of mttinct 
families of the ancient inhabitants of the earth, 
has been the attention paid to fossil Conchology ; 
a subject of vast importance in investigating the 
records of the changes that have occurred upon 
the surface of our globe. 

Still more recently, the study of botanists has 
been directed to the History of fossil vegetables ; 
and although, from the late hour at which this 
subject has been taken up, our knowledge of 
fossil plants is much in arrear of the progress 
made in Anatomy and Conchology, we have 
already a mass of most important evidence, 
showing the occurrence of a series of changes in 
vegetable life, coextensive and contemporaneous 
with those that have pervaded both the higher 
and lower orders of the animal kingdom. 

The study of Organic Remains indeed, forms 
the peculiar feature and basis of modern Geology, 
and is the main cause of tlie progress this 
science has made, since the commencement of 
the present century. We find certain families 
of Organic Remains pervading strata of every 
age, under nearly the same generic forms which 
they present among existing organizations.* 

• e. g. The Nautilus, Echinus, Terebratula, anti various forms 
of Corals; and among Plants, the Ferns, Lycopocliacese, and 
Palms. 
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Otlv6|^liiUi«s,; boUl animals and Teg^jtaUes, 
are limited to. particular being 

certfdn points where entire groups ceased to 
exist, mod were replaced by others of a different 
character. '’’Ibe cha^ies of genera and species 
are still more fre<|uent ; hence, it has been well 
observed, that to attempt an investigation of 
the structure and revolutions of the earth, with- 
out applying minute attention to the evidences 
alTorded by oiganic remains, would be no less 
absurd than to undertake to write the history 
of any ancient people, without reference to the 
documents afforded by their medals and inscrip- 
tions, their monuments, and the ruins of their 
cities and temples. The study of Zoology and 
Botany has therefore become as indispensable 
to the progress of Geology, as a knowledge of 
Mineralogy. Indeed the mineral character of 
the inorganic matter of which the Earth’s strata 
are composed, presents so similar a succession of 
beds of sandstone, clay, and limestone, repeated 
irregularly, not only in different, but even in 
tlje same formations,* that similarity of mineral 
composition is but an uncertain proof of con- 
temporaneous origin, while the surest test of 

* The same formation which in England constitutes the argil- 
laceous deposits of the London Clay, presents at Paris the sand 
and freestone of the Calcaire Grossier ; whilst the resemblance 
of their Organic remains, proves the period of their deposition 
to have been the same, notwithstanding the difference in the 
character of their mineral ingredients. 
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identi<i)^ of time is afforded by, the cowpi^e^nd- 
ence of the organic remains: in fact without 
these, the proofs of the lapse of such long periods 
as Geology shews to have been occupied in the 
formation of the strata of the Earth, would have 
been comparatively few and indecisive. 

The secrets of Nature, that are revealed to us, 
by the history of fossil Organic Remains, form 
perhaps the most striking results at which we 
arrive from the study of Geology. It must 
appear almost incredible to those who have not 
minutely attended to natural phenomena, that 
the microscopic examination of a mass of rude 
and lifeless limestone should often disclose the 
curious fact, that large proportions of its sub- 
stance have once formed parts of living bodies. 
It is surprising to consider that the walls of our 
houses are sometimes composed of little else 
than comminuted shells, that were once the 
domicile of other animals, at the bottom of 
ancient seas and lakes. 

It is marvellous that mankind should have 
gone on for so many centuries in ignorance of 
the fact, which is now so fully demonstrated, 
that no small part of the present surface of 
the earth is derived from the remains of ani- 
mals, that constituted the population of ancient 
seas. Many extensive plains and massive 
mountains fonn, as it were, the great charnel- 
houses of preceding generations, in which the 
petrified exuvise of extinct races of animals and 
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are ^n^ikd iaie aiupendoua moi^mc^ta 

the opemtiofas of life and deaths durii^ alinoat 
immeasurable periods of past tinxe^ ** At the 
sight of spectacle/* says Cuviar/ so iui- 
posiiig, 80 ON'iible' aa that of the wreck of animal 
life, forming almost the entire soil on which we 
tread, it is difficult to restrain the imagination 
from hazarding some conjectures as to the causes 
by which such great effects have been pro- 
duced.” 

The deeper we descend into the strata of the 
Earth, the higher do ascend into the archeeo- 
logical history of past ages of creation. We 
find successive stages marked by varying forms 
of animal and vegetable life, and these generally 
differ more and more widely from existing 
species, as we go further downwards into the 
receptacles of the wreck of more ancient crea-r 
tions. 

When we discover a constant and regular 
assemblage of organic Remains, commencing 
with one series of strata, and ending with another, 
which contains a different assemblage, we have 
herein the surest grounds whereon to establish 
those Divisions which are called geological 
formations, and we find many such Divisions 
succeeding one another, when we investigate the 
mineral deposits on the surface of the Earth. 


• C’uvier rapport sur le progresdes sciences naturelles, p. 179. 



upd^ a, large amount of. eiftingt 
genera, jt)earing important relation^ tp 
forma of animals and vegetables, and,often,^P- 
plying links tUat had hitherto appeared deficient, 
in the great chain whereby all animated beingi| 
are held together in a series of near and gradual 


connexions. 


This discovery, amid the relics of past crea- 
tions, of links that seemed wanting in the present 
system of organic nature, affords to natural 
Theology an important argument, in proving 
tlic unity and universal agency of a common 
great first cause; since every individual in such 
an uniform and closely connected series, is thus 
jfthewn to be an integral part of one grand 
original design. 

The non-discovery of such link^ indeed, Mwild 
form but a negative and feeble argument against 
the eominon origin of organic beings, widely 
separated from one another ; bee ause, for aught 
wc know, the existence of intervals may have 
formed part of the original design of a common 
creator ; and because such apparent voids may 
perhaps exist only in our own imperfect know- 
ledge; but the presence of such links throughout 
all past and present modifications of being, 
shews an unity of design which proves the unity 
of the intelligence in which it originated. 

It is indeed true that animals and vegetables 
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iH^eemeii^ of i»gaxnG 'We, but Wey^dM ^OOt 
p^tail ex^umefy ; we find in rocka of the tran- 
sition formation, not only remains of mdiatod 
and articulated animals and mollusk^^, such as 
Corals, Trilobites, and Nautili ; but we sec the 
vertebrata also represented by the Class of Fishes. 
Reptiles have been found in some of the earliest 
strata of the secondary formations.^ In the foot- 
steps on the New Red sandstone, we have pro- 
bably the first traces of Birdij and Marsiipifuia. 
(See PI. 20". and 20 .) The bones ol‘ Birdt ooror 
in the Wcalden formation of Tili^eu forest, and 
those of Marsi ^jialia in the C>olitc at Stonosticld. 
(See PI. 2. Fit>s A. B.) In the midway regions 
of the secondarj rula, are the f^arlicst remains 
yet discoverea of ^'eiaeea. 1 In the tiTtiary forma- 
tions, we find oolli Birds, Cetacea, and terrestrial 
Mammalia, some refcrrible to existing genera, 
and all to exiot ing orders. See PI. 1 , fig. 73 — 101. 

Thus it appears, that the more perfect forms 
of animals become gradually more abundant, as 
we advance from the older into the newer series 
of depositions : whilst the more simple orders, 
though often changed in genus and species, and 

* E. g. In the Magnesian Conglomerate of Piirdhani Down 
near Bristol, and in the bituminous marl slate, (Kupferscliiefer) 
of Mansfeld in the Hartr. 

t There is, in the Oxford Museum, an ulna from the Great 
Oolite of Enstone near W’oodstock, Oxon, which was examined 
by Cuvier, and pronounced to be cetaceous ; and also a polrtion 
of a very large nb, apparently ol a w hale, from the same locality. 



^ 1 10 ^‘PROOFS 6P 1)0^4 LAPSE OP 

losing whole families, whieh 
placed by new ones, here pensaded' the etitire'^ 
Irange of fossiliferous formations. 

The most prolific source of organic remains 
has been the accumulation of the shelly coverings 
of animals which occupied the bottom of the sea 
during a long series of consecutive generations. 
A large proportion of the entire substance of 
many strata is composed of myriads of these 
shells reduced to a comminuted state by the 
long continued movements of water. In other 
strata, the presence of countless multitudes of 
unbroken corallines, and of fragile shells, having 
their most delicate spines, still attached and un- 
disturbed, shows that the animals which formed 
them, lived and died upon or near the spot 
where these remains are found. 

Strata thus loaded with the exuvite of innu- 
merable generations of organic beings, afford 
strong proof of the lapse of long periods of time, 
wherein the animals from which they have been 
derived lived and midtiplied and died, at the 
bottom of seas which once occupied the site of 
our present continents and islands. Repeated 
changes in species, both of animals and vege- 
‘ tables, in succeeding members of different form- 
ations, give further evidence, not only of the 
lapse of time, but also of important changes in 
the physical condition and climate of the ancient 
earth. 

Besides these more obvious remains of Tes- 
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miaute 

qcc^i^n^ILy prodigious occum^^^ons 
of miscrocopic shells that surprise us bq tessiby 
their abuudance than their extreme miuuteoess ; 
the mode iu wluch they are sometimes cmwdifd 
together, may be estimated,, from the fact that 
Soldani collected from less than au ounce and a 
half of stone found in the hills of Casciaua,, in 
Tuscany, 10,454 microscopic chambered sbeUs. 
The rest of the stone was composed of fragments 
of shells, of minute spines of Echini, and of a 
sparry calcareous matter. 

Of several species of these shells, four or five 
hundred weigh but a single grain ; of one 
species he calculates that a thousand individuals 
would scarcely weigh one grain. (Saggio Grit- 
tografico, 1780, pag. 103, Tab. III. fig. 22, H. 1.) 
He further states that some idea of their dimi- 
nutive size may be formed from the circum- 
stance that immense numbers of them pass 
through a paper in which holes have* been 
pricked with a needle of the smallest size. 

Our mental, like our visual faculties, begin 
rapidly to fail us when we attempt to compre- 
hend the infinity of littleness towards which we 
are thus conducted, on approaching the smaller 
extremes of creation. 

Similar accumulations of microscopic shells 
Iiave been observed also in various sedimentary 
deposits of freshwater formation. A striking 



like those of a bivalve shell, and now inhabit 
the waters of lakes and marshes. Certain clay 
beds of the Wealden formation below the chalk, 
are so abundantly charged with microscopic 
shells of the Cypris Faba, that the surfaces 
of many laminae into which this clay is easily 
divided, are often entirely covered with them as 
with small seeds. The same shells occur also in 
the Hastings sand and sandstone, in the Sussex 
marble, and in the Purbcck limestone, all of 
which were deposited during the same geological 
epoch ill an ancient lake or estuary, wherein 
strata of this formation Iiavc been accumulated 
to the thickness of nearly 1000 feet. (See Dr. 
h^itton's (jrcol. sketch of Hastings, I8;k3, p. G8.) 

We have similar evidence of the long duration 
of time, in another scries of Lacustrine forma- 
tions, more recent than the chalk, viz. in the 
great freshwater deposits of the tertiary period 
in central France; here the district of Auvergne 
presents an area of twenty miles in wndtli, and 
eighty miles in length, within which strata of 
gravel, sand, clay, and limestone have been 
accumulated by the operations of fresh water, to 
the thickness of at least seven hundred feet. 
Mr. Lyell, in his Principles of Geology, Grd ed. 
vol. iv. p. 08, states that the foliated character of 
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maiir ipf 4he ,iiiariy of this foroiation is due 

to the presence^ of countless myriads of similar 
es^visB of the Cypris which give rise to divisions 
in the marl as tliin paper* Taking this fact 
in conjunction with the habit of these animals to 
moult and change tlieir skin annually, together 
with their shell, he justly observes that a more 
c*onvincing proof of the tranquillity of the waters, 
and of the slow and gradual process by which 
the lake was filled up with fine mud cannot be 
desired. 

Another proof of the length of time that must 
have elapsed during the deposition of these 
tertiary freshwater formations in Auvergne, is 
aflbrded near Cleremont by the occurrence of 
beds of limestone several feet in tliiekness, 
almost wholly made up of the Indusiic, or 
Caddis-like eoverings, resembling the cases that 
enclose the larvae of our common May-fly. 

Mr. Lyell states that a single individual of 
these Indusiae is often surrounded by no less 
than a hundred minute shells of a small spiral 
univalve, (Paludina), fixed to the outside of this 
tubular case of a larva of the genus Phryganea. 
See Lyells Principles of Geology, 3rd edit. vol. 
iv. p. 100. It is difficult to conceive how strata 
like these, extended over large tracts of country, 
and laid one above another, with beds of marl 
and clay between them, should have contained 
the coverings of such multitudes of a(|uatic 
animals, by any other process than that of 
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gradual accumulation, during a long series of 
years. 

In the case of deposits formed in estuaries, the 
admixture and alternation of the remains of flu^- 
viatilc and lacustrine shells with marine Exuviae, 
indicate conditions analogous to those under 
which we observe the inhabitants both of the 
sea and rivers existing together in brackish 
water near the Deltas of the Nile,* and other 
great rivers. . Thus, we find a stratum of oyster 
shells, that indicate the presence either of salt dr 
brackish water, interposed between limestone 
strata filled with freshwater shells among the 
Purbeck formations ; so also in the sands and 
clays of the Wealden formation of Tilgate forest, 
we have freshwater and lacmsirine shells inter- 
mixed with remains of large terrestrial reptiles, 
e. g. Megalosaiirus, Iguanodon, and Hylseo- 
saurus; Mith these we find also the bones of 
the marine reptiles Plesiosaurus, and from this 
admixture we infer that the former were drifted 
from the land into an estuary which the Plesio- 
saurus also having entered from the sea, left its 
bones in this common receptacle of the animal 
and mineral exuviae of some not far distant 
land.t 

Another condition of organic remains is that 

* Sec Muddeu’s Travels in Egypt, vol. ii. p. 171-175. 

t For the detailed history of the organic remains of the 
Wealden formation, see Mr. Mantell’s highly instructive and 
Hccurate volumes on the geology of Sussex. 
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of whieli a well known example occurs in the 
oolitic slate of Stonesiield, near Oxford. At 
this place a single bed of calcareous and sandy 
slate not six feet thick, contains an admixture of 
terrestrial animals and plants with shells that 
are decidedly marine ; the bones of Didelphys, 
M^alosaurus, and Pterodactyle are so mixed 
with Ammonites, Nautili, and Belemnites, and 
many other species of marine shells, that there 
can be little doubt that this fonnation was depo- 
sited at tlie bottom of a sea not far distant from 
some ancient shore. We may account for the 
t)resence of remains of terrestrial animals in 
such a situation by supposing their carcases to 
have been floated from land at no great distance 
from their place of submarine interment. 

A similar explanation may be given of the 
mixture of the bones of large terrestrial mam- 
malia with marine shells, in the Miocene Tertiary 
formations of Touraine, and in the Crag of 
Norfolk. 

Cases of Animals destroyed suddenly. 

The cases hitherto examined, are examples of 
the processes of slow and gradual accumulations 
in which are preserved the remains of marine, 
lacustrine, and terrestrial animals that perished 
during extended periods of time, by natural 
death. It remains to state that other causes 
seem to have operated occasionally, and at 
distant intervals, to produce a rapid accumu- 
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of Certain $trata, accompanied i^y 
sudden destruction, not only of testacea, but also 
of the higher classes of the then existing inhabi- 
tants of the seas. ‘ We have analogous instances 
of sudden destruction operating locally at the 
present time, in the case of fishes that perish from 
an excessive admixture of mud with the water of 
the sea, during extraordinary tempests ; and also 
from the sudden imparting of heat, and noxious 
gases, to water in immediate contact with the 
site of submarine volcanoes. A sudden irrup- 
tion of salt water into lakes or estuaries, pre- 
viously occupied by fresh water, or the sudden 
occupation of a portion of the sea, by an 
immense body of freshwater from a bursting 
lake, or unusual land flood, is often fatal to large 
numbers of the inhabitants of the waters thus 
respectively interchanged.* 

The greater number of fossil fishes present no 
appearance of having perished by mechanical 
violence ; they seem rather to have been des- 
troyed by some noxious qualities imparted to 
the waters in which they moved ; either by 
sudden change of temperature,! or an admix- 


* See account of the effects of an irruption of the sea into the 
freshwater of the lake of Lowestoffe, on the coast of Suffolk. 
Edinburgh Philosophical Journal, No. 25, p. 372. 

t M. Agassiz has observed that a sudden depression to the 
amount of 15” -of the temperature of the water in the river Glat, 
which falls into the lake of Zurich, caused the immediate death 
of thousands of Barbel. 
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ture of earlx^io or sul]^uretled hydrogen 
gas^ dr of hitunoinous earthy matter in the 
form of mad. 

The circumatanoes under which the fossil 
fishes are found at Molte Bolca seem to indicate 
that they perished suddenly on arriving at a 
part of the then existing seas, which was ren* 
dered noxious by the volcanic agency, of which 
the adjacent basaltic rocks afford abundant evi- 
dence. The skeletons of these fish lie parallel 
to the lamina? of the strata of the calcareous 
slate; they are always entire, and so closdy 
packed on one another, that many individuals 
are often contained in a single block. The 
thousands of specimens which are dispersed 
over the cabinets of Europe, have nearly all 
been taken from one quarry. All these fishes 
ifiust have died suddenly on this fatal spot, and 
have been speedily buried in the calcareous 
sediment then in the course of deposition. From 
the fact that certain individuals have even pre- 
served traces of colour upon their skin, we arc 
certain that they were entombed before decom- 
position of tlieir soft parts had taken place.^ 

• The celebrated fish (Blochius longirostris) from this quarry, 
described as petrified in the act of swallowing another fish (Ithi- 
olitologia Veronese, Tab. XII.) has been ascertained by M. 
Agassiz to be a deception, arising from the accidental juxta- 
position of two fishes. The size of the head of the smaller fish 
supposed to be swallowed, is such as never could have entered 
the diminutive stomach of the putative glutton ; moreover it does 
not enter within the margin of its jaws. 
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The fishes of Torre d’Orlando, in the Bay pf 
-Naples, near Castelamare, seem also to have 
perished suddenly. M. Agassiz finds that the 
countless individuals which occur there in Ju- 
rassic limestone, all belong to a single species 
of the genus Tetragonolepis. An entire shoal 
seems to have been destroyed at once, at a place 
where the waters were either contaminated with 
some noxious impregnation, or overcharged with 
heat.* 

In the same manner also, we may imagine 
deposits from muddy water, mixed perhaps with 
noxious gases, to have formed by their sediments 
a succession of thick beds of marl and clay, 
such as those of the Lias formation ; and at the 
same time to have destroyed, not only the Tes- 
tacca and lower orders of animals inhabiting the 
bottom, but also the higher orders of mariite 
creatures within the regions thus invaded. Evi- 
dence of the fact of vast numbers of fishes and 
saurians having met with sudden death and 
immediate burial, is also afforded by the state 
of entire preservation in which the bodies of 
hundreds of them are often found in th6 Lias. 


* The proximity of this rock to tlie Vesuvian chain of vol- 
canic eruptions, offers a cause sufficient to have imparted either 
of these destructive powers to the waters of a limited space 
in tlie bay of Naples, at a period preceding those intense vol- 
canic actions which prevailed in this district during the deposi- 
tion of the Tertiary strata, and which are still going on there. 
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It sometimes happens that scarcely a single 
bone, or scale, has been removed from the place 
it occupied during life ; this condition could not 
possibly have been retained, had the uncovered 
bodies of these animals been left, even for a few 
hours, exposed to putrefaction, and to the 
attacks of fishes and other smaller animals at 
the bottom of the, sea.* 

Another celebrated deposit of fossil fishes is 
that of the cupriferous slate surrounding the 
Hartz. Many of the fishes of this slate at Mans- 
feldt, Eiseleben, &c. have a distorted attitude, 
which has often been assigned to writhing in the 
agonies of death. The true origin of this con- 
dition, is the unequal contraction of the muscular 
fibres, which causes fish and other animals to 
become stiff, during a short interval between 
death and the flaccid state preceding decompo- 
sition. As these fossil fishes maintain the alti- 
tude of the rigid stage immediately succeeding 
death, it follows that they were buried before 
putrefaction had commenced, and apparently in 
the same bituminous mud, the influx of which 
had caused their destruction. The dissemina- 
tion of Copper and Bitumen through the slate 

♦ Although it appears from the preservation of tliesc animals, 
that certain parts of the Lias were deposited rapidly, there arc 
also proofs of the lapse of much time during the deposition of 
other parts of this formation. See Notes in future Chapters on 
Coprolites and fossil Loligo. 
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that contains so many perfect fishes around the 
Hartz, seems to offer two other causeil^ either ef 
which may have produced therr sudden death.* 
From what has been said respecting the ge- 
neral history of fossil organic Remains, it appears 
that not only the relics of aquatic, but also those 
of terrestrial animals and plants, are found 
almost exclusively in strata that have been accu- 
mulated by the action of water. This circum- 
stance is readily explained, when we consider 
that the bones of all dead creatures that may be 
left uncovered upon dry land, are in a few years 
entirely destroyed by various animals, and the 
decomposing influence of the atmosphere. If 
we except the few bones that may have been 
collected in caves, or buried under land slips, 
or the products of volcanic Eruptions, or in sand 
drifted by the winds,t strata formed 


* Under the turbulent conditions of our planet, whilst strati- 
fication was in progress, the activity of volcanic agents, then 
frequent and intense, was probably attended also with atmo- 
spheric disturbances affecting both the air and water, and 
producing the same fatality among the then existing Tribes of 
fishes, that is now observed to result from sudden and violent 
changes in the electric condition of the atmosphere. M. Agassis 
lias observed that rapid changes in the degree of atmospheric 
pressure upon the water, affect the air within the swimming 
bladders of fishes, sometimes causing them to be distended to a 
fatal degree, and even to burst. Multitudes of dead fishes, that 
have thus perished during tempests, are often seen floating on the 
surface, and cast on the shores of the lakes of Switzerland. 

t Captain Lyon states, that in the deserts of Africa, the 
Ixidies of camels are often desiccated by the heat and di'yness 
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by water that any remaina of land animals can 
have been preserved. 

. We continually see the carcases of such ani- 
mals drifted by rivers in their seasons of flood, 
into lakes, estuaries, and seas; and although it 
may at first seem strange to find terrestrial 
remains, imbedded in strata formed at the bottom 
of tlte water, the difficulty vanishes on recollec- 
tion that the materials of stratified rocks are 
derived in great part from tlie Detritus of more 


of the atmosphere, and become the nucleus of a sand hill ; 
which the wind accumulates around thorn. Beneath this sand 
they remain interred like the stumps of palm trees, and the 
buildings of ancient Egypt. 

In a recent pajjcr on the geology of the Bermudas (Proceexl- 
ings of Geol. Soc. Lond. Ap. 9, 1834), Lieutenant Nelson 
describes these islands as composed of calcareous sand and 
limestone, derived from comminuted shells and corals; he con- 
siders groat part of the materials of these strata to have been 
drifted up from the shore by the action of the wind. The 
surface in many parts is composed of loo.se sand, disposed in 
all the irregular forms of drifted snow, and ])rcscnts a surface 
covered with undulations like those produced by the ripple of 
water upon sand on the sea shore. Recent shells occur both in 
the loose sand and solid limestone, and also roots of the Palmetto 
now growing in the island. The N. W. coast of Cornwall 
affords examples of similar invasions of many thousand acres 
of land by Deluges of sand drifted from the sea shore, at the vil- 
lages of Bude, .and Perran Zabulo ; the latter village has been 
twice destroyed, and buried under sand, drifted inland during 
extraordinary tempests, at distant intervals of time. See Trans, 
of Geol. Soc. of Cornwall, vol. ii. p. 140. and vol. iii. p. 12. 
See also De la Bechets Geological Manual, 3rd edit. p. 84, and 
Jameson’s Translation of Cuvier's Theory of the Earth, />th cd. 
Nole G, 
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ancient lands. As the forces of rains, torrents, 
and inundations have conveyed this detritus into 
lakes, estuaries, and seas, it is probable that 
many carcases of terrestrial and amphibious 
animals, should also have been drifted to great 
distances by currents which swept such enormous 
quantities of abraded matter fh>m the lands ; and 
accordingly we find, that strata of aqueous for- 
mation have become the common repository not 
only of the Remains of aquatic, but also of 
terrestrial animals and vegetables. 

The study of these Remains will form our 
most interesting and instructive subject of in- 
quiry, since it is in them that we shall find the 
great master key whereby we may unlock the 
secret history of the earth. They are documents 
which contain the evidences of revolutions and 
catastrophes, long antecedent to the creation of 
the human race ; they open the book of nature, 
and swell the volumes of science, with the 
Records of many successive series of animal 
and vegetable generations, of which the Creation 
and Extinction would have been equally un-„ 
known to us, but for recent discoveries in the 
science of Geology. 
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Chapter XIII. 

a* 

Aggregate of Animal Enjoyment increated^ and 
that of Pain diminished^ by the existence of 
Carnivorous Races. 

Before proceed to consider the evidences 
of design, discoverable in the structure of the 
extinct carnivorous races, which inhabited our 
planet during former periods of its history ; we 
may briefly examine the nature of that universal 
dispensation, whereby a system of perpetual de- 
struction, followed by continual renovation, has 
at all times tended to increase the aggregate of 
animal enjoyment, over the entire surface of the 
terraqueous globe. 

Some of the most important provisions which 
will be presented to us in the anatomy of these 
ancient animals, are found in the organs with 
which they were furnished for the purpose of 
capturing and killing their prey; and as con- 
trivances exhibited in instruments formed ex- 
pressly for destruction, may at first sight, seem 
inconsistent with the dispensations of a crea- 
tion founded in benevolence, and tending to 
produce the greatest amount of enjoyment to 
c. K 
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the greatest number of individuals ; it may be 
proper to premise a few words upon this subject, 
before we enter on the history of that large 
portion of the animals of a former world, whose 
office wM to effect the destruction of life* 

The law of universal mortality being tlie 
established condition, on which it has pleased 
the Creator to give being to every creature upon 
earth, it is a dispensation of kindness to make 
the end of life to each individual as easy as 
possible. The most easy death is, proverbially, 
that which is the least expected ; and though, for 
moral reasons peculiar to our own species, we 
deprecate the sudden termination of our mortal 
life; yet, in the case of every inferior animal, 
such a termination of existence is obviously the 
most desirable. The pains of sickness, and de- 
crepitude of age, are the usual precursors of 
de^ath, resulting from gradual decay : these, in 
the humjDin race alone, are susceptible of allevia- 
tion from internal sources of hope and consola- 
tion ; and give ex^ercise to some of the highest 
charities, and most tender sympathies of huma- 
nity. But, throughout the whole creation of 
inferior animals, no such sympathies exist ; there 
is no affection or regard for the feeble and aged ; 
no alleviating care to relieve the sick ; and the 
extension of life tlirough lingering stages of 
decay and of old age, would to each individual 
be a scene of protracted misery. Under such a 
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systt^in, tlie natural wwld would present a mass 
of daily suffering, bearing a large proportion to 
the total amount of animal enjoyment. By the 
existing dispensations of sudden destruction and 
rapid succession, the feeble and disabled are 
speedily relieved from suffering, and the world 
is at all times crowded with myriads of sentient 
and happy beings ; and though to many indivi- 
duals their allotted share of life be often short, 
it is usually a period of uninternipled gratifica- 
tion ; whilst the momentary pain of sudden and 
unexpected death is an evil infinitely small, in 
comparison with the enjoyments of which it is 
the termination. 

The inhabitants of the earth have ever been 
divided into two great classes, the one herbivor- 
ous, the other carnivorous ; and though tlie ex- 
istence of the latter may, at first sight, seem 
calculated to increase the amount of animal 
pain ; yet, when considered in its full extent, 
it will be found materially to diminish it. 

To the mind which looks not to general results 
in the economy of Nature, the earth may seem 
to present a scene of perpetual warfare, and in- 
cessant carnage : but the more enlarged view, 
while it regards individuals in their conjoint 
relations to the general benefit of their own 
species, and that of other species with which 
they are associated in the great family of Na- 
ture, resolves each apparent case of individual 
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evil, into an example of subserviency to uni- 
versal good. 

Under the existing system, not only is the 
aggregate amount of animal enjoyment much 
increased, by adding to the stock of life ^1 the 
races which are carnivorous, but these are also 
highly beneficial even to the herbivorous races, 
that are subject to their dominion. 

Besides the desirable relief of speedy death 
on the approach of debility or age, the carni- 
vora confer a further benefit on the species 
which fonn their prey, as they control tlieir 
excessive increase, by tlie destruction of many 
individuals in youth and health. Without this 
salutary check, each species would soon mul- 
tiply to an extent, exceeding in a fatal degree 
their supply of food, and the whole class of 
herbivora would ever be so nearly on the verge 
of starvation, that multitudes would daily be 
consigned to lingering and painful death by 
famine. All these evils are superseded by the 
establishment of a controlling Power in the 
carnivora; by their agency the numbers of 
each species are maintained in due proportion 
to one another — ^the sick, the lame, the aged, 
and the supernumeraries, are consigned to 
speedy death ; and while each sufiering indi- 
vidual is soon relieved from pain, it contributes 
its enfeebled carcase to the support of its 
carnivorous benefactor, and leaves more room 
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for the comfortable existence of the healthy 
survivors of its owit species. 

The same “ police of Nature,” which is thus 
beneficial to die great family of the inhabitants 
of the land, is established with equal advantage 
among the tenants of the sea. Of these also, 
there is one large division that lives on vege- 
tables, and supplies the basis of food to the 
other division that is carnivorous. Here again 
we see, that in the absence of carnivora, the 
uncontrolled herbivora would multiply indefi- 
nitely, until tlie lack of food brought them also 
to the veige of starvation; and the sea would 
be crowded with creatures under the endurance 
of universal pain from hunger, while death by 
famine would be the termination of ill fed and 
miserable lives. 

The appointment of death by the agency of 
carnivora, as the ordinary tenniuution of animal 
existence, appears therefore in its main results 
to be a dispensation of benevolence ; it deducts 
much from the aggregate amount of the pain 
of universal death ; it abridges, and almost 
annihilates, throughout the brute creation, the 
misery of disease, and accidental injuries, and 
lingering decay; and imposes such salutary 
restraint upon excessive increase of numbers, 
that the supply of food maintains perpetually 
a due ratio to the demand. The result is, 
that the surface of the land and depths of the 



CARNIVOROUS RACES 


i34 

waters are ever crowded with myriads of ani- 
mated beings, the pleasures of whose life are 
CO- extensive with its duration ; and which, 
throughout the little day of existence that is 
allotted to them^ fulfil with joy the functions 
for which they were created. Life to each indi- 
vidual is a scene of continued feasting, in a 
region of plenty ; and when unexpected death 
arrests its course, it repays with small interest 
the large debt, which it has contracted to the 
common fund of animal nutrition, from whence 
the materials of its body have been derived. 
Thus the great drama of universal life is perpe- 
tually sustained; and though the individual 
actors undergo continual change, the same parts 
are ever filled by another and another genera- 
tion ; renewing the face of the earth, and the 
bosom of the deep, with endless successions of 
life and happiness. 
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Chapter XIV. 

Proofs of Design in the Structure of Fossil* 
Vertebrated Animals. 

SECTION I. 

FOSSIL MAMMALIA. — DINOTHERIUM. 

Enough has, I trust, been stated in the preced- 
ing chapter, to show the paramount importance 
of appealing to organic remains, in illustration of 
tlial branch of physico-thcology with which we 
are at present occupied. 

The structure of tlie greater number, even of 
the earliest fossil Mammalia, differs in so few 
essential points from that of the living rejircsen- 
tatives* of their respective Orders, that I forbear 
to enter on details which would indeed abound 
with evidences of creative design, but would 
offer little that is not equally discoverable in the 
anatomy of existing species. I shall, therefore, 
limit my observations to two extinct genera, 
which are perhaps the most remarkable of all 
fossil Mammalia, for size and unexampled pecu- 
liarities of anatomical construction ; the first of 
these, the Dinotherium, having been the largest 
of terrestrial Mammalia ; and the second, the 
Megatherium, presenting greater deviations from 
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ordinary animal forms, than occur in any other 
species, either of recent or fossil quadrupeds. 

It has been already stated, in our account of 
the Mammalia of the Miocene period of the 
tertiary series, that the most abimdant remains 
of the Dinotheri ii m are found at Epplesheim, in 
the province of Hesse Darmstadt, and are de- 
scribed, in a work now in process of publication, 
by Professor Kaup. Fragments of the same 
genus are mentioned by Cuvier, as occurring in 
several parts of France, and in Bavaria and 
Austria. 

The form of the molar teeth of the Dinothe- 
rium (PI. 2, C. Fig. 3), so nearly resembles that 
of the Tapirs, that Cuvier at first referred them 
to a gigantic species of this genus. Professor 
Kaup has since placed this animal in the new 
genus Dinotheriiim, holding an intermediate 
place between the Tapir and the Mastodon, and 
supplying another important extinct link in the 
great family of Pachydermata. The largest 
species of this genus, D. Giganteum, is calcu- 
lated, both by Cuvi^ and Kaup, to have 
attained the extratwdinary length of eighteen 
feet. The most remarkable bone, of the body 
yet found is the shoulder-blade, the form of 
Ufhich more nearly resembles that of a Mole 
than of any other animal, and seems to indicate 
a peculiar adaptation of the fore leg to the 
purposes of digging, an indication which is 
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corroborated by the remarkable structure of the 
lower jaw. 

The lower jaws of two species of Dinothe- 
rinm, figured in Plate 2. C. Figs. 1 . 2. exhibit 
peculiarities in the disposition of the tusks, such 
as are found in no other living or fossil animal. 

The form of the molar teeth, PI. 2. C. Fig. 3, 
approaches, as we have stated, most nearly to 
that of the molar teeth in Tapirs ; but a remark- 
able deviation from the character of Tapirs, as 
■well as of every other quadruped, consists in the 
presence of two enormous tusks, placed at the 
anterior extremity of the lower jaw, and curved 
downwards, like the tusks in the upper jaw of 
the Walras. (PI. 2. C. 1. 2.) 

I shall confine my present remarks to this 
peculiarity in the position of the tusks, and en- 
deavour to show how far these organs illustrate 
the habits of the extinct animals in which they 
are found. It is mechanically impossible that 
a lower jaw, nearly four feet long, loaded 
with such heavy tusks at its extremity, could 
have been otherwise than cumbrous and incon- 
venient to a quadruped living on dry land. No 
such disadvantage would have attended this 
structure in a large animal destined to live in 
wider; and the aquatic habits of the fiimily of 
Tapirs, to which the Dinotherium was most 
nearly allied, render it probable that, like them, 
it was an inhabitant of fresh-water lakes and 
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rivers. To an animal of such habits, the vveiglit 
of the tusks sustained in water would have been 
no source of inconvenience ; and, if we suppose 
them to have been employed, as instruments for 
raking and grubbing up by the roots large 
aquatic vegetables from the bottom, they would, 
under such service, combine the mechanical 
powers of the pick-axe witli those of the horse- 
harrow of modern husbandry. The weight of 
the head, placed above these downward tusks, 
would add to their efficiency for the service here 
supposed, as the power of the harrow is increased 
by being loaded with weights. 

The tusks of tlie Dinotherium may also have 
been applied with mechanical advantage to hook 
on the head of the animal to the bank, with the 
nostrils sustained above the water, so as to 
breathe securely during sleep, w hilst the body 
remained floating, at perfect ease, beneath 
the surface : the animal might thus repose, 
moored to the margin of a lake or river, 
without the slightest muscular exertion, the 
w^eight of the head and body tending to fix and 
keep the tusks fast anchored in the substance of 
the bank ; as the weight of the body of a sleep- 
ing bird keeps the claws clasped firmly around 
its perch. These tusks might have been further 
used, like those in the upper jaw of the Wal- 
rus, to assist in dragging the body out of the 
water; and also us formidable instruments of 
defence. 
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The structure of the scapula^ already noticed, 
seems to show that the fore leg was adapted to 
co-operate with the tusks and teeth, in digging 
and separating large vegetables from the bottom^ 
The great length attributed to the body, would 
have been no way inconvenient to an animal 
living in the water, but attended with much me- 
chanical disadvantage to so weighty a quadruped 
upon land. In all these characters of a gigantic, 
herbivorous, aquatic quadruped, we recognize 
adaptations to the lacustrine condition of the 
earth, during that portion of the tertiary periods, 
to which the existence of these seemingly ano- 
malous creatures appears to have been limited. 


SECTION 11. 

MEGATHEUIUM. 

As it will be quite impossible, in the present 
Treatise, to give particular descriptions of the 
structure, even of a few of the fossil Mammalia, 
which have been, as it were, restored again to 
life by the genius and industry of Cuvier; I shall 
endeavour to illustrate, by the details of a single 
species, the method of analytical investigation, 
that has been applied by that great philosopher 
to the anatomy both of fossil and recent animals. 

The result of his researches, as recorded in the 
Ossemens Fossiles, has been to show that all 
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fossil quadrupeds, however differing in generic, 
or specific details, are uniformly constructed on 
the same general plan, and systematic basis of 
organization as living species; and that through- 
out the various adaptations of a common type to 
peculiar functions, under different conditions of 
the earth, there prevails such universal confor- 
mity of design, that we cannot rise from the 
perusal of these inestimable volumes, without a 
strong conviction of the agency of one vast and 
mighty Intelligence, ever directing the entire fa- 
bric, both of past and present systems of creation. 

Nothing can exceed the accuracy of the 
severe and logical demonstrations, that fill these 
volumes with proofs of wise design, in the con- 
stant relation of the parts of animals to one 
another, and to the general functions of the 
w^hole body. Nothing can surpass the perfection 
of his reasoning, in pointing out the beautiful 
contrivances, which are provided in almost end- 
less variety, to fit every living creature to its 
own peculiar state and mode of life. His illus- 
tration of the curious conditions, and concurrent 
compensations that are found in the living ^Ele- 
phants, apply equally to the extinct fossil species 
of the same genus ; and similar exemplifications 
may be extended from the living tq the extinct 
species of other genera, e. g. Rhinoceros, Hippo- 
potamus, Horse, Ox, Deer, Tiger, Hysena, Wolf, 
&c. that are usually associated with the Elephant 
in a fossil state. 
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The animal I shall select for my present pur- 
pose is that inost extraordinary fossil creature, the 
M^atherium, (see PI. 5), an animal, in some parts 
of its organization, nearly allied to the Sloth, and, 
like the Sloth, presenting an apparent monstrosity 
of external form, accompanied by many strange 
peculiarities of internal structure, which have 
hitherto been but little understood. 

The Sloths have afforded a remarkable excep- 
tion to the conclusions which naturalists have 
usually drawn, from their study of the organic 
structure and mechanism of other animals. The 
adaptation of each part of the body of the Ele- 
phant, to produce extraordinary strength, and of 
every member of tlie Deer and Antelope to give 
agility and speed, are too obvious to have escaped 
the attention of any scientific observer ; but, it 
has been the constant practice of naturalists, to 
follow Buffon in misrepresenting the Slotlis, as 
the most imperfectly constructed among all the 
members of the animal kingdom, as creatures 
incapable of enjoyment, and formed only for 
misery. 

The Sloth does, indeed, afford the greatest 
delations from the ordinary structure of living 
quadrupeds; and these have been erroneously 
considered as imperfections in its organization, 
without any* compensating advantage. I have 
elsewhere* attempted to show that these ano* 


Linnean Transactions, Vol. XVU. Part I. 
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iiialous conditions are so far from being defects, 
or sources of inconvenience in the. Sloth, that 
they aflTord striking illustrations of the varied 
contrivances, whereby the structure of every 
creature is harmoniously adapted to the state in 
which it was destined to live. The peculiarities 
of the Sloth, that render its movements so awk- 
ward on the earth, are fitted with much advan- 
tage to its destined office of living entirely upon 
trees, and feeding upon their leaves: so also, if 
we consider the Megatherium with a view to its 
provinc e of digging and feeding upon roots, w e 
shall, in this habit, discover the explanation of 
itsiiimsual struclnr(\ and apparently incongruous 
proportions; and find, In ewery organ, a relation 
of obvious convenience, and of adaptation to the 
ollieo it ba<l to discharge 

It will be my jiresenl object to enter into such 
a minute investigation of some of the more re- 
markable parts of this animal, view ing them wnth 
a constant reference to a peculiar mode of life, as 
may lead to the recognition of a system of w^ell 


* The remains of the Megatherium liave been found chiefly in 
the southeni regions of America, and most abundantly in P^ara- 
guay ; it appears also to have extended on the north of the 
equator as far as the Uruted States. We have, for some time, 
possessed detailed descriptions of this animal by Cuvier, Oss. 
Foss. vol. 5. and a series of large engravings, by Pander and 
D’Alton, taken from a nearly perfect skeleton, sent in 1789 from 
Buenos Ayres to Madrid. Dr. Mitchell and Mr. Cooper have 
described, in the Annals of the Lyceum of Nat. Hist, of New 
York, May, 1824, some teeth and bones found in the marshes of 
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connected coutrivaiices, ia the niechaiiism .of a 
creature apparently the most monstrous, and 
seeming to present the most ill-assorted propor- 
tions, that occur throughout the entire range of 
the animal kingdom. 

We have here before us a gigantic quadruped, 
(see PI. 5, Fig. 1), mIucIi at first sight ai)pears 
not only ill-proportioned as a whole, but whos(‘ 
members also seem incongruous, and clunis\ , i!‘ 
considered with a view to the functions in 
responding limbs of ordinary (juadrujud ;i < us 
only examine them Hie aid of mat clue, 

which is our best and csseniial guide in every 
investigation of the mechanism of the animal 
frame; let ns tirst infer fnim the total eom])osi- 
tion and enpabiiities of t)H‘ machinery, what was 
the geiuaal nature of the work it was destined to 
perform ; and from the character of the most im- 
portant parts, namely,. the f( el. and Ucth, make 
ourselves aequainted witli tlu? food these organs 
were ailapted to procure and masticate; and we 
shall find every other inemlier of the body act- 

the Isle of Skkldaway, on the coast of Georgia, wliic.h correspond 
with the skeleton at Madrid. Cuvier, Voi. V. part 2, p. 519. — 
In the year 1832, many parts of another skcit lon were brought 
to England by Woodbine Parish, esq. from the bed of the river 
Salado, near Buenos Ayres : these are placed in the museum of 
the Royal College of Surgeons in London, and will ’ rlcscribed 
in the Trans* Geol. Soc. Lond. VoL III. N. S. Part 3, by my friend 
Mr. Clift, a gentleman from whose great anatomical knowledge, 
I have derived most important aid, in my investigation of this 
animal. 
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ing in harmoniouB subordination to this chief 
purpose in the animal eecmomy. 

In the case of ordinary animals, the passage 
from one form to another is so gradual^ and the 
functions of one species receive such ample and 
obvious illustrations from those of the species 
adjacent to it, that we are rarely at a loss, to see 
the final cause of almost every arrangement that 
is presented to the anatomist. This is more es- 
pecially the case with respect to the skeleton, 
which forms the foundation of all the other me- 
chanisms within the body, and is of the highest 
importance in the history of fossil animals, of 
which we rarely find any other remains besides 
the bones, and teeth, and the scaly or osseous in- 
teguments. I select the Megatherium, because 
it alibrds an example of most extraordinary 
deviations, and of egregious apparent monstro- 
sity; viz. the case of a gigantic animal exceed- 
ing the largest Bliinoceros in bulk, and to which 
the nearest approximations that occur in the 
living world, are found in the not less anoma- 
lous genera of Sloth, Armadillo, and Chlamy- 
phorus; the former adapted to the peculiar 
habit of residing upon trees; the two latter 
constructed with unusual adaptations to the 
habit of burrowing in search of their food and 
shelter in sand ; and all limited in their geo- 
graphical distribution, nearly to the same re- 
gions of America that were once the residence 
of the Megatherium. 
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I shall not here enter on the unsettled ques- 
tions as to the precise age of the deposits in 
which the Megatherium is found, or the causes 
by which it has been extirpated ; my object is to 
show that the apparent incongruities of all its 
parts, are in reality systems of wise and M^ell 
contrived adaptation to a peculiar mode of life. 
I proceed therefore to consider, in the order in 
which they are described by Cuvier, the most 
important organs of the Megatherium, beginning 
w ith the head, and from thence advancing to the 
trunk and eictremities. 


Head, 

The bones of the head (PI. 5, Fig. 1 . a.) most 
nearly resemble those of a Sloth. The long and 
broad bone, (b,) descending tlie check from the 
zygomatic arch, connects it more nearly with 
the Ai than with any other animal : this extraor- 
dinary bone must have been auxiliary to the 
power of muscles, acting with more than usual 
advantage, in giving motion to the lower jaw (d). 

The anterior part of the muzzle (c) is so 
strong and substantial, and so perforated with 
holes for the p^ltsage of nerves and. vessels, 
that we may be sure it supported some organ of 
considerable size : a long trunk was needless to 
an animal possessing so long a neck ; the organ 
was probably a snout, something like that of 
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the Tapir, sufficiently elengateil to gather up 
roots from the ground. The septum of the nos- 
trils also being strong and bony, gives further 
indication of the presence of a powerful organ 
appended to the nose ; such an apparatus would 
have afforded compensation for the absence of 
incisor teeth and tusks. Having no incisors, 
the Megatherium could not have lived on grass. 
The structure of the molar teeth (PI. 5, Fig. 6 — 
11, and PI. 6, No. 1), shows that it was not car- 
nivorous. 

The composition of a single molar tooth resem- 
bles that of one, of the many denticules, that are 
united in the compound molar of the Elephant ; 
and affords an admirable exemplification of the 
method employed by Nature, whereby three 
substances, of unequal density, viz. ivory, ena- 
mel, and crmta petrosa, or ccementmn, are 
united in the construction of the teeth of grami- 
nivorous animals. The teeth are about seven 
inches long, and nearly of a prismatic form (PI. 
6, Fig. 7. 8). The grinding surfaces (PI. 6. Fig. 9. 
a. b. c. and PI. 6, Z. a. b. c.) exhibit a pecu- 
liar and beautiful contrivance for maintaining 
two cutting wedge-shaped salient edges, in good 
working, condition during the wholo existence of 
the tooth ; being, as I before stated, a modifica- 
tion of the contrivance employed in the molars 
of the Elephant, and other herbivora. The 
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same principle is. applied by tool-makers for the 
purpmse of maintaining a sharp edge in axes, 
scythes, bill-hooks, &c. An axe, or bill-hook, is 
not made entirely of steel, but of one thin plate 
of steel, inserted between two plates of softer 
iron, and so enclosed that the steel projects be- 
yond the iron, along the entire line of the cut- 
ting edge of the instrument. A double advan- 
tage results from this contrivance; first, the in- 
strument is less liable to fracture than if it were 
entirely made of the more brittle material of 
steel ; and secondly, the cutting edge is more 
easily kept sharp by grinding down a portion of 
exterior soft iron, than if the entire mass were of 
hard steel. By a similar contrivance, two cut- 
ting edges are produced on the crown of the 
molar teeth of the Megatherium. (See PI. t), 
W. X. Y. Z. and PI. 5, Figs. 6-10.) * 

* The outside of the tooth » like that of an axe, is made of a 
comparatively soft material, viz, the crusta petrosa, (a a), inclos- 
ing a plate of enamel, (b b), which is the hardest substance, or 
steel of the tooth. This enamel passes twice across the grinding 
surface, (z), and forms the cutting edges of two parallel wedges, 
Y. b. b. : a longitudinal section of these wedges is seen, PI. 6. 
V. w.'X. Y. Within the enamel, (b b), is a central mass of 
ivory, (c), which, like the external crust, (a) is softer than the 
enamel. A tooth, thus constructed of materials of unequal den- 
sity, would have its softer parts, (a c), worn down more readily 
than the harder plates of enamel, (b b). 

We find a further nicety of mechanical contrivance, for pro- 
ducing and maintaining two transverse wedges upon the surface 
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PI. 0, W. X. represents the manner in which 
each lower tooth was opposed to the tooth above 
it, so that the hard enamel of the one should 
come in contact only with the softer m^rials of 
the other ; viz. the edges of the plates of enamel, 

(b) rubbing upon the ivory, (c) ; and the enamel, 
(h), upon the crusta petrosa, (a), of the two teeth 
opposite to it. Hence the act of mastication formed 
and perpetually maintained a series of wedges, 
locking into each other like the alternate ridges 
on the rollers of a crushing-mill ; and the mouth 
of the Megatherium became an engine of pro- 
digious power, in which thirty-two such wedges 
formed the grinding surfaces of sixteen molar 
teeth ; each from seven to nine inches long, 
and having tlui greater part of this length fixed 
firmly in a socket of great depth. 

As the surfaces of these teeth must have worn 
away w ith much rapidity, a provision, unusual in 
molar teeth, and similar to that in the incisor teeth 

of caoh tooth, in the relative adjustment of the thickness, of the 
lateral and transverse portions of the plate of enamel, which is 
interposed between the external crust, (a), and the central ivory, 

(c) . Had this enamel been of uniform thickness all round the 
central ivory, the tooth would have worn down equally to a hori- 
zontal surface. In the crown of the tooth, PI. 6. Z. the plate of 
enamel is seen to be thin on the two sides of the tooth, whilst the 
transverse portions of the same plate, (b. b.) are comparatively 
thick and strong. Hence the w'eaker lateral jiortions of thin 
enamel wear away more rapidly, than the thicker and stronger 
transverse porUons, (b b), and do not prevent the excavation of 
tlie furrow across the surface of the ivory, c. 
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of the Beaver and other Rodefttia,"^ supplied the 
loss tliat M'as continually going on at the crown, 
by the constant addition of new matter at the 
root, which for this purpose remained hollow, 
and tilled with pulp during the whole life of the 

animal, t 

It is scarcely possible to find any apparatus in 
the mechanism of dentition, which constitutes a 
more powerful engine for masticating roots, than 
was formed by these teeth of the Megatherium ; 
accompanied also by a property, which is the 
2)erfcctioii of all machinery, namely, that of 
maintaining itself per2)etually in j)erfcct order, 
by the act of 2>erforining its work. 


Lower Jaw. 

The lower jaw (PI. 1 . d.) is very largi' and 
weighty in projjortion to the rest of the head; the 
object of this size being to afford deep sockets 

* Tlic incisors of the Beaver, and other Rodentia, and tusks of 
the Hogf and Hippopotamus, which require only an external cut- 
ting edge, and not a grinding surface, are constructed on the 
same principle as the cutting edge of a chisel or an adze ; viz. a 
plate of hard enamel is applied to the outer surface only, of the 
ivory of these teeth, in the same manner as the outer cutting 
edge of the chisel and adze is faced with a plate of steel, welded 
against an inner plate of softer iron. A tooth thus constructed 
maintains its cutting edge of enamel continually sharp, by the 
act of working against the similarly constructed extremity of the 
tooth opposed to it. 

t Pi. 5, Fig. 11, represents the section of the cavity contain- 
ing this pulp. 
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for the continual growth and firm fixture of the 
long and vertical molar teeth ; the extraordinary 
and strong process (b) descending from the zy- 
gomatic arch in the Megatherium, as well as in 
the Sloths, seems intended to support the un- 
usual weight of the lower jaw consequent upon 
the peculiar form of the molar teeth. 


JBoties of the Trunk. 

The vertebrae of the neck, though strong, are 
small in comparison with those towards the 
opposite extremity of the body; being duly 
proportioned to the size of a head, comparatively 
light, and without tusks. The dorsal portion 
of the vertebral column is of moderate size, but 
there is an enlargement of the vertebrae of the 
loins, corresponding witli the extraordinary bulk 
of the pelvis and hind legs ; the summits of the 
spinous processes, (e,) are flattened like those in 
the Armadillo, as if by the pressure of a cuirass. 

The sacral bone, (PI. .5, Fig. 2, a), is united to 
the pelvis, (p), in a manner peculiar to uself, 
and calculated to produce extraordinary strength ; 
its processes indicate the existence of very 
powerful muscles for the movement of the tail. 
The tail was long, and composed of vertebrae of 
enormous magnitude, (PI. 6, Fig. 2), the body of 
tlie largest being seven inches in diameter, and 
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the horizontal distance between the extremities 
of the two transverse processes, being twenty 
inches. If to this we add the thickness of the 
muscles and tendons, and of the shelly integu* 
ment, the diameter of the tail, at its largest end, 
must have been at least two feet; and its cir- 
cumference, supposing it to be nearly circular 
like the tail of the Armadillo, about six feet. 
These vast dimensions are not larger in projjor- 
tion to the adjacent parts of the body, than 
those of the tail of the Armadillo, and as this 
animal applies its tail, to aid in supporting the 
weight of its body and armour, it is probable 
that the Megatherium made a similar use of 
the same organ.* To the caudal vertebrai were 
attached also large inferior spines, or additional 
Chevron bones, which must have added to the 
strength of the tail, in assisting to support the 
body. The tail also probably served for a 
formidable instrument of defence, as in the 
Pangolins and Crocodiles. In 11122, Sellow saw 
portions of armour that had covered a tail, found 
near Monte Video. 

The ribs are more substantial, and much 
thicker, and shorter, than those of the Elephant 

* The tail of the Elephant is remarkably light and slender, 
with a tuft of coarse hair at its extremity, to brush off flies ; that 
of the Hippopotamus is a few inches only in length, and flaftened 
vertically, to act as a small rudder in swimming. 
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OT Rhinoceros ; and the upper convex surfaces of 
some of them exhibit a rugous and flattened 
condition of that part, on which the weight of 
a bony cuirass would most immediately have 
rested. 


Anterior Extremity. 

The scapula or shoulder blade, (PI. 6, Fig. 1 , f,) 
resembles that of no other family except the 
Sloths, and exhibits in the Acromion (g,) con- 
trivances for strength, peculiar to itself and 
them, in its mode of articulation with the collar 
bone (h) ; it exhibits also unusual provisions 
for the supjiort of the most powerful muscles for 
the movement of the arm. 

The clavicle or collar bone (h) is strong, and 
curved nearly as in the human subject; the 
presence of this bone in the Megatherium, whilst 
it is wanting in the Elephant, Rhinoceros, and 
all the large ruminating animals, shews that the 
fore leg discharged some other ofiice, than that 
of an organ of locomotl^. This clavicle would 
give a steady and flxt position to the socket, or 
glenoid cavity of the scapula, admitting of rota- 
tory motion in the fore leg, analogous to that of 
the human arm. There is in these circumstances 
a triple accommodation to the form and habits 
of the Megatherium ; 1*. a free rotatory power 
of the arm was auxiliary to its ofiice, as an 
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instrument to be employed continually in digging 
food out of the ground ; 2“. this act of perpetual 
digging in search of stationary objects like roots, 
required but little locomotive power ; 3®. the com- 
paratively small support atforded to the weight 
of the body by the fore leg, was comjjensated 
by the extraordinary and colossal strength of 
the haunches and hind legs. In the Elephant, 
the great weight of the head and tusks require 
shortness of neck, and unusual enlargement and 
strength in the fore legs; hence, the anterior 
parts of this animal are much stronger and larger 
than its hinder parts. In the case of the Mega- 
therium, the relative proportions are reversed ; 
the liead is comparatively small, the neck is 
long, and the anterior part of the body but 
slightly loaded in comparison with its abdominal 
and posterior, regions. In the shoulder blade 
and collar bone there is great provision to give 
strength and motion to the fore legs ; but this 
motion is not progressive, nor is the strength 
calculated merely to support the weight of the 
body. The humerus,' {k) articulates with the 
scapula by a round kead, admitting of free 
motion in various directions, and is small at its 
uj^er and middle part, but at its lower end 
attains extraordinary breadth, in consequence 
of ao enormous expansion of the crests,, which 
rise from the condyles, to give origin to 
muscles for the' movement of the fore foot and 
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toes.* The ulna (1) is extremely broad and 
powerful at its upper extremity, affording large 
space for the origin of muscles, concerned in the 
movements of the foot. The radius (m) revolves 
freely on the ulna, as in the Sloths and Ant- 
eaters, both of which make much use of the 
fore leg, though for different purposes ; it has a 
cavity at its upper end, which turns upon a 
spherical portion of the lower part of the hu- 
merus, and a large apophysis (n), projecting from 
its longitudinal crest, indicates great power in 
the muscles that gave rotatory motion. 

The entire fore-foot must have been about a 
yard in length, and more than twelve inches 
vride; forming a most efficient instrument for 
moving the earth, from that depth within which 
succulent roots are usually most abundant. This 
great length of the fore-foot, when resting upon 
the ground, though unfavourable to progressive 
m’otion, must have enabled one fore-leg, when 
acting in conjunction with the two hind legs and 
tail, to support the entire weight of the body ; 
leaving the other fore-ls^ at liberty to be em- 
ployed exclusively in the operation of digging 
food.t 

* There is a similar expansion of the lower part of the 
Humerus in the Ant-eater, which employs its fore feet in digging 
up the solid hills of the Termite Ants. 

t At PI. 5, beneath Fig. 1, are represented the fore-foot of an 
Armadillo (Dasypus Peba), and the fore-foot of the Chlamy- 
phorus, each adapted, like that of the hfe^therium, to form an 
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The toes of the fore-foot are terminated by 
large and powerful claws of great length ; the 
bones, supporting these claws, are composed 
partly of an axis, or pointed core, (o,) which 
filled the internal cavity of the horny claw ; and 
partly of a bony sheath, that formed a strong 
case to receive and support its base. These 
claws were set obliquely to the ground, like the 
digging claws of the Mole, a position which 
made them instruments of greater power for the 
purpose of excavation. 


Posterior Extremities. 

The pelvis of the Megatlierium (PI. 5, Fig. 
2. p.) is of vast solidity and expanse ; and the 
enormous bones of the ilium (r) are set nearly at 
right angles to the spine of the back, and at 
their outer margin, or crest, are more than five 
feet asunder, very much exceeding the diameter 
across the haunches of the largest Elephant : the 
crest of tlie ilium, (s,) is much flattened, as if by 
the pressure of the armour. This enormous size 
of the pelvis would be disproportionate and in- 
convenient to an animal of ordinary stature and 

instrument of peculiar power for the purpose of digging ; and 
each presenting an extraordinary enlargement and elongation of 
the extreme bones of the toes, for the support of long and mas- 
sive claws. At PI. 5, Figs. 18, 19, the anterior parts of these 
animals are represented, and show how large a proportion the 
claws bear to the other parts -of the body. 



150 


FOSSIL MAMMALIA. 


futietions ; but was probably attended with much 
advantage to the Megatherium, in relation to its 
habit of standing great part of its time on three 
legs, whilst the fourth was occupied in digging. 

The pelvis being thus, unusually wide and 
heavy, presents a further deviation from other 
animals, as to the place and direction of the 
acetabulum, or socket which articulates with the 
head of the thigh bone (u). This cavity, in 
other animals, is usually set more or less 
obliquely outwards, and by this obliquity fa- 
cilitates the movement of the hind leg ; but in 
the Megatherium it is set perpendicularly down- 
wards, over the head of the femur, and is also 
nearer than usual to the spine ; deriving from 
this position increase of strength for supporting 
vertical pressure, but attended with a diminished 
capability of rapid motion.* • 

From the enormous width of the pelvis, it 

There is also a further peculiarity for the increase of strength 
in the manner in which that part, which, in most other animals, 
is an open space, called the ischiatic notch (PI. 5, Fig. 2 c.), is 
nearly closed with solid bone by- ifie union of the spines of the 
ischia with the elongated transverse processes of the sacral verte- 
brcB, (a). , 

Further evidence of the enormous size and power in the mus- 
cles of the thigh and leg is afforded by the magnitude of the 
cavity in the sacrum, (Pi. 5. d,) for the passage of the spinal mar- 
row : this cavity being about four inches in diameter, the spinal 
marrow must have been a foot in circumference. The extraor- 
dinary magnitude also of the nerves which proceeded from it to 
supply the leg, is indicated by the prodigious size of the sacral 
foramina. 
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follows also that the abdominal cavity was ex- 
tremely large, and the viscera voluminous, and 
adapted to the digestion of vegetable food. 

The form and proportions of the thigh bone, (v) 
are not less extraordinary than those of the 
pelvis, being nearly three times the thickness 
of the femur of the largest Elephant. Its 
breadth is nearly half its entire length, and its 
head is united to the body of the bone by a 
neck of unusual shortness and strength, twenty- 
two inches in circumference. Its length is two 
feet four inches, and its circumference at the 
smallest part two feet two inches; and at the 
largest part, three feet two inches. Its body is 
also flattened ; and by means of this flatness, 
expanded outwards to a degree of which Nature 
presents no other example. Tliese peculiarities 
in the femur appear to be subservient to a 
double purpose: first, to give extraordinary 
strength by the shortness and solidity of nil its 
proportions; and secondly, to aflbrd compensa- 
tion, by its flatness outwards ; for the debility 
which would otherwise have followed from the 
inward position of the sockets, (t,) by which the 
femur, (u,) articulates with the pelvis. 

The two bones of the leg (x, y,) are also ex- 
tremely short, and on a scale of solidity and 
strength, commensurate with that of the femur 
that rests upon them. This strength is much 
increased by their being united at both extre- 
mities ; an union which is said by Cuvier to 
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occur in no other animals except the Armadillo 
and Chlamyphoms ; both of which are con- 
tinually occupied in digging for their food. 

The articulation of the leg with the hind foot 
is admirably contrived for supporting the enor- 
mous pressure of downward weight ; the astra- 
galus (z), or great bone of the instep, being nine 
inches broad, and nine inches high, is in due 
proportion to the lower extremity of the tibia, or 
leg bone, with which it articulates; and rests 
upon a heel bone, of the extraordinary length of 
seventeen inches, with a circumference of twenty- 
eight inches. This enormous bone, pressing on 
the ground, gives a firm bearing and solid sup- 
port to the continuous accumulation of weight, 
which we have been tracing down from the 
pelvis through the thigh and leg : in fact the 
heel bone occupies nearly one-half of the entire 
length of the hind foot ; the bones of the toes 
are all short, excepting ithe extreme joint, which 
forms an enormous claw-bone ; larger than 
the largest of those in the fore-foot, measuring 
thirteen inches in circumference, and having 
within its sheath a core, ten inches long, for the 
support of the horny claw with which it was 
invested. The chief use of this large claw was 
probably to keep the hind foot fixed steadily 
upon the ground.* 

^ It 16 probable that the large thick claw, PI. 5 was placed 
on the second toe of the hind foot. Its »ize approaches nearly 
to that of the first toe of this foot, and both of these differ mate- 



MEGATHERIUM. 


Feet and legs thus heavily constructed, must 
have been very inefficient organs of rapid loco- 
motion, and may consequently seem imperfect, 
if considered in relation to the ordinary func- 
tions of other quadrupeds; but, viewed as in- 
struments adapted for supporting an almost sta- 
tionary creature, of unusual weight, they claim 
our admiration equally with every other piece of 
animal mechanism, when its end and uses are 
understood. The perfection of any instrument 
can only be appreciated by looking to the work 
it is intended to perform. The hammer and 
anvil of an anchorsmith, though massive, are 
neither clumsy nor imperfect; but bear the same 
proportionate relation to the work in which tliey 
are employed, as the light and fine tools of the 
watchmaker bear to the more delicate wheels of 
his chronometer. 


Bony Armour. 

Another remarkable character of the Mega- 
therium, in which it approaches most nearly to 
the Armadillo, and Chlamyphorus, consists, in 
its hide having probably been covered with a 
bony coat of armour ; varpng from three-fourths 
of an inch, to an inch and half in thickness, and 

rtalJy in form and proportions, from the three more elongated and 
flatter claw bones of the fore foot, the oblique fi>rm of which is 
peeuliaHy adapted for digging. 



ICO 


FOSSIL MAMMALIA. 


resembling the armour which covers these living 
inhabitants, of the same warm atid sandy regions 
of South America. Fragments of this armour 
are represented at PI. 5, Figs. 13, V\.* 

A covering of such enormous weight, would 
have been consistent with the general structure 
of the Megatherium ; its columnar hind legs 
and colossal tail, were calculated to give it due 
support ; and the strength of the loins and ribs, 
being very much greater than in the Elephant, 
seems to have been necessary for carrying so 
ponderous a cuirass as that which we suppose 
to have covered the body.f 

* The resemblance between some parts of this fossil armour^ 
and of the armour of an Armadillo, (Dasypus Peba) is extended 
even to the detail of the patterns of the tuberculated compart* 
ments into which they are divided, see PL 5, Figs. 12, 14. The 
increase of size in the entire shield is in both cases provided for, 
by causing the centre of every plate to form a centre of growth, 
around which the margin receives continual additions, as the 
increasing bulk of the body requires an increase in the dimen- 
sions of the bony case, by which it is invested. Figs, 16, 16, 
17, represent portions of the armour of the head, body, and tail 
piece of the Chlamyphorus. Figs. 18, 19, represent the manner 
in which the armour is disposed over the head and anterior part 
of the body of the Chlamyphorus, and Dasypus Peba. The 
body of the Megatherium, when covered with its corresponding 
coat of armour, must in some degree have resembled a tilted 
waggon. 

t In the Transactions of the Academy of Berlin, 1830, Pro- 
fessor Weis has published an account of some Bones of tlie 
Megatherium, discovered near Monte Video, accompanied by 
several fragments of bony armour. Much of this armour he 
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It remains to consider, of what use this cuirass 
could have been to the gigantic animal on which 
it probably was placed. As the locomotive 
organs of the Megatherium indicate very slow 
power of progression, the weight of a cuirass 
would have afforded little impediment to such 
tardy movements; its use was probably defen- 
sive, not only against the tusks and claws, of 
beasts of prey, but also, against the myriads of 
insects, that usually swarm in such climates as 
those wherein its bones are found ; and to which 
an animal that obtained its food by digging 
beneath a broiling sun, would be in a peculiar 


refers without doubt to the Megatherium ; other portions of it, 
and also many bones from the same district, he assigns to other 
animals. A similar admixture of bones and armour, derived 
from more than one species of animal, bearing a bony cuirass, 
is found in the collection made at several and distant points of 
the country above Buenos Ayres, by Mr. Parish. Although no 
armour was found with the fragments of the large skeleton, 
in the bed of the Salado, the rough broad flattened surface of a 
part of the crest of the ileum of this skeleton, (see PI. 5, Fig. 2. 
r, s,) and the broad condition of the summit of the spinous pro- 
cesses of many vertebr®, and also of the superior convex portion 
of certain ribs on which the armour would rest, afford evidence of 
pressure, similar to that we find on the analogous parts of the 
skeleton of the Armadillo, from which we might have inferred 
that the Megatherium also was covered with heavy armour, even 
had no such armour been discovered near bones of this animal in 
other parts of the same level district of Paraguay. In all these 
flattened bones the effects of pressure are confined to those parts 
of the skeleton, on which the armour would rest, and are such 
as occur in a remarkable degree in the Armadillo. 

G. 


M 
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degree exposed. We may also conjecture it to 
have had a further use in the protection afforded 
by it to the back, and upper parts of the body ; 
not only against the sun and rain, but against 
the accumulations of sand and dust, that might 
otherwise have produced irritation and disease.* 


Conclusion. 

We have now examined in detail the skeleton 
of an extinct quadruped of enormous magnitude ; 
every bone of which presents peculiarities, that 
at first sight appear imperfectly''’ contrived, but 
which become intelligible when viewed in their 


* To animals that dig only occasionally, like Badgers, Foxes, 
and Rabbits, to form a habitation beneath the ground, but seek 
their food upon the surface, a defence of this kind would not 
only have been unnecessary but inconvenient. 

The Armadillo and Chlamyphorus are the only known animals 
that have a coat of armour composed of thick plates of bone, 
like that of the Megatherium. As this peculiar covering is con- 
fined to these quadrupeds, we can hardly imagine its use to be 
solely for protection against other beasts and insets ; but as the 
Armadillo obtains its food by digging in the same dry and sandy 
plains, which were once inhabited by the Megatherium, and 
the Chlamyphorus lives almost entirely in burrows beneath the 
surface of the same sandy regions ; they bo^ probably receive 
from their cuirass the same protection to Uie upper parts of their 
bodies from sand and dust, which we suppose to have been 
afforded by its cuirass to the Megatherium. The Pangolins are 
covered with a different kind of armour, composed of horny 
moveable scales, in which there is no bony matter. 
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relations to one another, and to tlie functions of 
the animal in which tliey occur. 

The size of the Megatherium exceeds that of 
the existing Edentata, to which it is most nearly 
allied, in a greater degree than any other fossil 
animal exceeds its nearest living congeners. 
With the head and shoulders of a Sloth, it com- 
bined in its legs and feet, an admixture of the 
characters of the Ant-eater, the Armadillo, and 
the Chlamyphorus; it probably also still further 
resembled the Armadillo and Chlamyphorus, in 
being cased with a bony coat of armour. Its 
haunches were more than five feet wide, and its 
body twelve ,fcet long and eight feet high ; its 
feet were a yard in length, and terminated by 
most gigantic claws ; its tail was probably clad 
in armour, and much larger than the tail of 
any other beast, among extinct or living terres- 
trial Mammalia. Thus , heavily constructed, 
and ponderously accoutred, it could neither run, 
nor leap, nor climb, nor burrow under the 
grormd, and in all its movements must have 
been necessarily slow ; but what need of rapid 
locomotion to an animal, whose occupation of 
dig^ng roots for food was almost stationary? 
and what need of speed for flight from foes, to 
a creature whose giant carcase was encased in 
an impenetrable cuirass, and who by a single 
pat of his paw, or lash of his tail, could in an 
instant have demolished the Couguar or the 
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Crocodile? Secure within the panoply of his 
bony armour, where was the enemy that would 
dare encounter this Leviathan of the Pampas? 
or, in what more powerful creature can we find 
the cause that has effected the extirpation of 
his race ? 

His entire frame was an apparatus of colossal 
mechanism, adapted exactly to the work it had to 
do ; strong and ponderous, in proportion as this 
work was heavy, and calculated to be the vehicle 
of life and enjoyment to a gigantic race of qua- 
drupeds ; which, though they have ceased to be 
counted among the living inhabitants of our 
planet, have, in their fossil bones, left behind 
them imperishable monuments of the consum- 
mate skill with which they were constructed. 
Each limb, ami fragment of a limb, forming 
co-ordinate parts of a well adjusted and perfect 
whole ; and through all their deviations from 
the form and proportion of the limbs of other 
quadrupeds, affording fresh proofs of the infi- 
nitely varied, and inexhaustible contrivances of 
Creative W isdom . 
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SECTION III. 

FOSSIL SAli RIANS. 

In those distant ages that elapsed during the 
formation of strata of the secondary series, so 
large a field was occupied by reptiles, referrible 
to the order of Saurians, that it becomes an im- 
portant part of our enquiry to examine the his- 
tory and organization of these curious relics of 
ancient creations, which are known to us only in 
a fossil state. A task like this may appear 
quite hopeless to persons unaccustomed to the 
investigation of subjects of such remote anti- 
quity ; yet Geology, as now pursued, with the 
aid of confparativc anatomy, supplies abundant 
evidence of the structure and functions of these 
extinct families of reptiles ; and not only enables 
us to infer from the restoration of their skeletons, 
what may have been the external form of their 
bodies; but instructs us also as to their economy 
and habits, the nature of their food, and even of 
their organs of digestion. It further shows their 
relations to the then existing condition of the 
world, and to the other forms of organic life 
with which they were associated. 

The remains of these reptiles bear a much 
greater resemblance to one another, than to those 
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of any animals we discover in dqK>sits |>reced- 
ing or succeeding the secondary ^ries.^ 

The species of fossil Saurians are so numer- 
ous, that we can only select a few of the most 
remarkable among them, for the purpose of 
exemplifying the prevailing conditions of animal 
life, at the periods when the dominant class of 
animated beings were reptiles ; attaining, in 
many cases, a magnitude unknown among the 
living orders of that class, and which seems to 
have been peculiar to those middle ages of geo- 
logical chronology, that were intermediate be- 
tween the transition and tertiary formations. 

During these ages of reptiles^ neither the car- 
nivorous nor lacustrine Mammalia of the tertiary 
periods had begun to appear ; but the most for- 
midable occupants, both of land and water, were 
Crocodiles, and Lizards ; of various forms, and 
often of gigantic stature, fitted to endure the 
turbulence, and continual convulsions of the 
unqui(?t surface of our infant world. 

When we see that so large and important a 
range has been assigned to reptiles among the 


^ ♦ Tiie oldest strata in which any reptiles have yet been found 
are those connected with the magnesian-Hmestone formation. 
(PI. 1 , Sec. 16). The existence of reptiles allied to the Monitor 
in the cupriferous slate and zechstein of Germany, has long been 
known. In 1 834, two species of reptiles, allied to the Iguana 
and Monitor, were discovered in the dolomitic conglomerate, on 
Durdham Down, near Bristol. 



Fossil. -SAUKIANS. 


167 


former insulation of our planet, we cannot but 
r^ard with feeUngs of new and unusual interest, 
the comparatively diminutive existing orders 
of that most ancient family of quadrupeds, witlt 
the very name of which we usually associate a 
sentiment of disgust. We shall view them with 
less contempt, when we learn from the records of 
geological history, that there was a time when 
reptiles not only constituted the chief tenants, 
and most powerful possessors of the earth, but 
extended their dominion also over the waters of 
the seas; and that the annals of their history 
may be traced back through thousands of years, 
antecedent to that latest point in the progressive 
stages of animal creation, when the first parents 
of the human race were called into existence. 

Persons to whom this subject may now be 
presented for the first time, will receive, with 
much surprise, perhaps almost with incredulity, 
such statements as are here advanced. It 
must be admitted, that they at first seem much 
more like the dreams of fiction and romance, 
than the sober results of calm and deliberate 
investigation ; but to those who will examine the 
evidence of facts upon which our conclusions 
rest, there can remain no more reasonable doubt 
of the former existence of these strange and 
curious creatures, in the times and places we 
assign to them ; than is felt by the antiquary, 
who, finding the catacombs of Egypt stored 



168 


MARliiiE SAURIANS* 


with the mummies of Men, and Apes» and Cro- 
codiles, concludes them to be the remains of 
mammalia and reptiles, that have formed part 
of an ancient population on the banks of the 
Nile. 


SECTION IV. 

ICHTHYOSAURUS. 

Nearly at the head of the surprising discfi- 
veries, which have been made relating to the 
family of Saurians, we may rank the remains 
of many extraordinary species, which inhabited 
the sea; and which present almost incredible 
combinations of form, and structure ; adapting 
them for modes of life, that do not occur among 
living reptiles. These remains are most abun- 
dant throughout the lias and oolite formations 
of the secondary series.* In these deposits w^e 

* The chief repository in whicli these animals have been found 
is the lias, at Lyme Regis ; but they abound also along the whole 
extent of this formation throughout England, e. g. from the 
coast of Dorset, through Somerset and Leicestershire, to the 
coast of Yorkshire : they are found also in the lias of Germany 
and France. The range of the genus Ichthyosaurus seems to have 
begun with the Muschelkalk, and to have extended through the 
whole of the oolitic period into the cretaceous formation. The 
most recent stratum in which any remains of this genus have yet 
been found is the chalk marl at Dover, where they have been 
discovered by Mr. Mantell: I have found them in the gault, 
near Benson, Oxon. 
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find not only animald allied to Crocodiles, and 
nearly approaching to the Gavial of the Ganges; 
but also still more numerous gigantic Lizards, 
that inhabited the then existing seas and es*, 
tuaries. 

Some of the most remarkable of these reptiles 
have been arranged under the genus Ichthyo- 
saurus, (or Fish Lizard), in consequence of the 
partial resemblance of their vertebne to those 
of fishes. (See Plate 1, Fig. 51, and Plates 
7, 8, 9.) If we examine these creatures with 
a view to their capabilities of locomotion, and 
the means of offence and defence, which 
their extraordinary structure afforded to them ; 
we shall find combinations of form and me- 
chanical contrivances, which are now dispersed 
through various classes and orders of existing 
animals, but are no longer united in the same 
genus. Thus, in the same individual, the snout 
of a Porpoise is combined with the teeth of a 
Crocodile, the head of a Lizard w ith the vertebrae 
of a Fish, and the sternum of anOrnithorhynchus 
with the paddles of a Whale. The general out- 
line of an Ichthyosaurus must have most nearly 
resembled the modem Porpoise, and Grampus. 
It had four broad feet, or paddles, (PI. 7), and 
terminated behind in a long and powerful tail. 
Some of the largest of these reptiles must have 
exceeded thirty feet in length. 

There are seven or eight known species of 
the genus Ichthyosaurus, all agreeing with one. 
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another in the general principles of their con* 
struction, and the possession of those peculiar 
organs, in which I shall en&eavour to point out 
the presence of mechanism and contrivance, 
adapted to their habits and state of life. As 
it will be foreign to our purpose to enter on 
details respecting species, I shall content myself 
witli referring to the figures of the four most 
common forms (Plates 7, 0, 9,)* 


Head. 

The head, which in all animals forms the most 
important and characteristic part, (see PL 10, 


* PI. 7, is a large and nearly perfect specimen of the Ichthy- 
osaurus Platyodon, from the lias at Lyme Regis, being one of 
the splendid series of Saiirians^ purchased in 1834 of Mr. 
Hawkins by the British Museum. Portions of the paddles, and 
many lost fragments, are restored from the corresponding parts 
which are preserved ; a few vertebrse, and the extremity of 
the tail are also restored conjecturally. Beautiful and accurate 
lithographed figures of this specimen, and of the greater part of 
this collection, arc published in Mr. Hawkins’s Memoirs of 
Ichthyosauri and Plesiosauri, London, 1834. PI. 8. Fig. l,is a 
small specimen of the Ichthyosaurus Communis, from the lias 
at Lyme-Regis, belonging to the Geol. Soc. of London. PI. 8, 
Fig. 2, a small Ichthyosaurus Intermedius, from the lias at Lyme 
Regis belonging to Sir Astley Cooper. PL 9, Fig. 1 , an Ichthy- 
osaurus Tenuirostris, from the lias of Street, near Glastonbury, in 
the collection of Rev. D. Williams. Fig. 2 is the continuation 
of the tail, and Fig. 3, the reverse of the head. The teeth in 
this species are small, and in due proportion to the slender 
character ot the snout. 
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Figs. J, 2), at once shtws that the Ichthyosauri 
were Reptiles, partaking partly of the charac- 
ters of the modem Ciocodiles, but more allied to 
Lizards. They approach nearest to Crocodiles 
in the form and arrangement of their teeth. 
The position of the nostril is not, as in Croco- 
diles, near the point of the snout ; it is set, as 
in Lizards, near the anterior angle of the orbit of 
the eye. The most extraordinary feature of the 
head is the enormous magnitude of the eye, 
very much exceeding that of any living animal.^ 
The expansion of the jaws must have been 
prodigious; their length in the larger species, 
(Iclithyosaurus Platyodon), sometimes exceeding 
six feet; the voracity of the animal was doubt- 
less in proportion to its powers of destruction. 
The neck was short, as in fishes. 


Teeth, 

The teeth of the Ichthyosaurus (PI. 11, u, c,) 
are conical, and much like those of the Croco- 
diles, but considerably more numerous, amount- 
ing in some cases to a hundred and eighty; they 
vary in each species ; they are not enclosed in 
deep and separate sockets, as the teeth of Croco- 


♦ In the collection of Mr. Johnson at Bristol is a skull of 
Ichthyosaurus Platyodon, in which the longer diameter of the 
orbital cavity measures fourteen inches. • 
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diles, but are ranged in one long continuous 
furrow, (PL 1 1 , b, c), of the maxillary bone, in 
which the rudiments of a separation into distinct 
alveoli may be traced in slight ridges ex- 
tending between the teeth, along the sides and 
bottom of the furrow. The contrivance by 
which the new tooth replaces the old one, is 
very nearly the same in the Ichthyosauri as in 
the Crocodiles (PL 11, a, b, c) ; in both, the 
young tooth begins its growth at the base of 
the old tooth, where, by pressure on one side, 
it causes first a partial absorption of the base, 
and finally a total removal of the body of the 
older tooth, whicli it is destined to replace.* 

As the predaceous habits of the Ichthyosauri 
exposed thciin, like modern Crocodiles, to fre- 
quent loss of their teeth, an abuinlant provision 
has in each case been made for their continual 
renewal. 

* 111 PI, 11, Fig. A, shews the manner in which the older 
tooth ill the Crocodile becomes absorbed, by pressure of a younger 
tooth rising within the cavity of its hollow base. Fig. c, repre- 
sents a transverse section of the left side of the lower jaw of an 
Ichthyosaurus, shewing two teeth in their natural place, within 
the furrow of the jaw ; the younger tooth, by lateral pressure, 
has caused absorption of the inside portion of the base of the 
older tooth. Fig. b, represents a transverse section of the entire 
snout of an Ichthyosaurus, in which the lower jaw exhibits on 
both sides, a small tooth (a), which has caused partial absorption 
of the base of the larger tooth, (c). In the upper jaw, the 
bases of two large teeth (d, d,) are seen in their respective 
furrows. • 
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Eyes* 

The enormous magnitude of the eye of the 
Ichthyosaurus (PL 10, Fig 1, 2), is among the 
most remarkable peculiarities in the structure 
of this animal. From the quantity of light ad-^ 
mitted in consequence of its prodigious size, it 
must have possessed very great powers of vision; 
we have also evidence that it had both micro- 
scopic and telescopic properties. We find on 
the front of the orbital cavity in which this 
eye was lodged, a circular series of petrified thin 
bony plates, ranged around a central aperture, 
where once was placed the pupil ; the form and 
thickness of each of these plates very much re- 
sembles tliat of the scales of an artichoke (PI. 
10, Fig. 3). This compound circle of bony 
plates, does not occur in fishes ; but is found in 
the eyes of many birds,* as well as of Turtles, 

* The bony sclerotic of the Ichthyosiuirus ap})r()ach(s to the 
form of the bony circle in the eye of the Golden Kajjlc (PI. 10, 
Fig. 5) ; one of its uses in each case being to vary the sphere of 
distinct vision, in order to descry their prey at long or short dis- 
tances. These bony plates also assist to maintain the prominent 
position of the front of the eye, which is so remarkable in birds. 
In Owls, whose nocturnal habits render distant vision impossible, 
Mr. Yarrel observes, that the bony circle (PI. 10, Fig. 4), is 
concave, and elongated forwards, so that the front of the eye 
is placed at the end of a long tube, and thus projects beyond 
the loose and downy feathers of the head; he adds; “ The 
extent of vision enjoyed by the Falcons is probably denied 
to the Owls, but their more spherical leas and corresponding 
cornea give them an intensity better suited to the opacity 
of the medium in which they are required to exercise this 
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Tortoises^ and Lizards; and in a tess degree in 
Crocodiles. (PI. 10, Figs* 4. 5. 6.) 

In living animals these bony plates are fixed 
in the exterior or sclerotic coat of the eye, and 
vary its scope of action, by altering the con- 
vexity of the cornea: by their retraction they 
press forward the front of the eye and convert 
it into a microscope ; in resuming their position, 
when the eye is at rest, they convert it into a 
telescope. The soft parts of the eyes of the Ich- 
thyosauri have of course entirely perished; but 
the pr^eservation of this curiously constructed hoop 
of bony plates, shews that the enormous eye, of 
which they formed the front, was an optical in- 
strument of varied and prodigious power, enabling 
the Ichthyosaurus to descry its prey at great or 
little distances, in the obscurity of night, and in 
the depths of the sea ; it also tends to associate 
the animal, in which it existed, with the family 
of Lizards, and exclude it from that of fishes.* 


power. They may be compared to a person near-sighted, who 
sees objects with superior magnitude and brilliancy when within 
the prescribed limits of his natural powers of vision, from the 
increased angle these objects subtend.” Yarrel on the Anatomy 
of Birds of Prey, Zool. Journal, v. 3, p. 188. 

* There are analogous contrivances for the purpose of resisting 
pressure, and maintaining the form of the eye in fishes, by the 
partial or total ossification of the exterior capsule ; but in fishes, 
^is ossification is usually simple, though carried to a difFerent 
extent in different species ; and the bone is never divided trans> 
versely into many plates, as in Lizards and Birds ; these capsules 
of the eye are often preserved in the heads of fossil fishes : they 
abound in the London clay ; and occasionally occur in chalk. 
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A further advantage redultiiig frcto ihiE curbm 
apparatus of bony plates* vms to give strength 
to the surface of so large an eye^bajil* enabitng 
it the better to resist the pressure of deep wateor* 
to which it must often have been exposed; it 
would also have protected this important organ 
from injury by the waves of the sea, to which an 
eye, sometimes larger than a man's head, must 
frequently have been subject, when the nose was 
brought to the surface, for the necessary purpose 
of breathing air : the position of the nostrils, 
close to the anterior angle of the eye, rendered 
it impossible for the Ichthyosaurus to breathe 
without raising its eye to the surface of the 
water. 


Jaws. 

The Jaws of the Ichthyosauri, like those of 
Crocodiles and Lizards, which are all more or 
less elongated into projecting beaks, are com- 
posed of many thin plates, so arranged as to 
combine strength with elasticity and lightness, 
in a greater degree than could have been ef- 
fected by single bones, like those in the jaws of 
Mammalia. It is obvious that an under jaw so 
slender, and so much elongated as that of a 
Crocodile or Ichthyosaurus, and employed in 
seizing and retaining the large and powerful 
animals which formed their prey, would have 
been comparatively weak and liable to fracture 
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if composed of a single bone. Each side of the 
lower jaw was therefore made up of six separate 
pieces, set together in a manner that will be 
best understood by reference to the Figures in 
Pb 11 * 

This contrivance in the lower jaw, to combine 
the greatest elasticity and strength with the 
smallest weight of materials, is similar to that 
adopted in binding together several parallel 
plates of elastic wood, or steel, to make a cross- 
bow ; and also in setting together thin plates of 
steel in the springs of carriages. As in the 
carriage spring, or compound bow, so also 
in the compound jaw of the Ichthyosaurus, 
the plates are most numerous and strong, at 
the parts where the greatest strength is required 
to be exerted ; and are thinner, and fewer, 
towards the extremities, where the service to 
be performed is less severe. Those who have 


* These figures are selected from various plates by Mr. Cony- 
beare and Mr. De la Beebe. Fig, 1 is a restoration of the entire head 
of an Ichthyosaurus, in which ea< h component bone is designated 
by the letters appropriated by Cuvier to the equivalent bones in 
the head of the Crocodile. In the lower jaw, w, marks the dental 
bone; t>, the angular bone ; a', siiperangular or coronoid ; arti- 
cular bone; s, complementary; opercular. Fig. 2, is part 
of an under jaw of an Ichthyosaurus, shewing the manner in 
which the flat bones, v, x, u, are applied to each other, towards 
the posterior part of the jaw. Figs. 3, 4, 5, 6, 7, shew the 
manner in which these bones overlap, and lock into each other, 
at the transverse sections, indicated by the lines immediately 
above them in Fig. 2. Fig. 8, shews the composition of the 
bones in the lower jaw, as seen from beneath. 
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witnessed the shock given to the head of a 
Crocodile, by the act of snapping together its 
thin long jaws, must have seen how liable to 
fracture the lower jaw would be, were it com- 
posed of one bone only on each side : a similar 
inconvenience would have attended the same 
simplicity of structure in the jaw of the Ichthy- 
osaurus. In each case, therefore, the splicing 
and bracing together of six thin flat bones of 
unequal length, and of varying thickness, on both 
sides of the lower jaw, affords compensation for 
the weakness and risk of fracture, that would 
otherwise have attended the elongation of the 
snout. 

Mr. Conybeare points out a further beautiful 
contrivance in the lower jaw of the Ichthyosaurus, 
analogous to the cross bracings lately introduced 
in naval architecture, (see PI. 1 1, Fig. 2.)* 


Vertebrw. 

The vertebral column in the Ichthyosaurus was 
composed of more than one hundred joints ; and 


* The coronoid bone, (x) is interposed between the dental, (a), 
and opercular (&), its fibres have a slanting direction, whilst 
those of the two latter bones are disposed horizontally ; thus, 
the strength of the part is greatly increased by a regular dia- 
gonal bracing, without the least addition of weight or bulk ; 
a similar structure may be noticed in the overlapping bones of 
&e beads of dsh, and in a less degree, in those of Turtles. — 
Geol. Trans. Lpnd. Vol. V. p. 565, and Vol. I. N. S. p. 112. 

G. N 
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ailbough united to a head nearly resembling 
that of a Lizard, assumed, in the leading prin> 
jgiples of its construction, the character of the 
yertebrse of fishes. As this animal was con- 
structed for rapid motion through the sea, the 
mechanism of hollow vertebra^, which gives fa- 
cility of movement in water to fishes, was 
l)etter calculated for its functions than the 
solid vertebra; of Lizards and Crocodiles.^ 
(See Plate 12, a. and n.) This hollow coni- 
cal form would be inapplicable to the ver- 
tebrae of land quadrupeds, whose back, being 
nearly at right angles to the legs, requires a 
succession of broad and nearly flat surfaces, 
which press with considerable weight against 

The section.s of the vcrlebrte of a fish (Ac. c.) present two 
hollow cones, at their apex in the centre of each verte- 

bra, in the form of an hour-glass; but the base of each cone, 
(b. b.) instead of terminating in a broad flat surface, like the base 
of the hour-glass, is bounded by a thin edge, like the edge of a 
wine glass, and by this alone touches the corresponding edge of 
the atijacent vertebra. Between these hollow vertebrse, a soft 
and flexible intervertebral substance, in the form of a double 
solid cone (e. e.) is so placed that each hollow cone of bone plays 
on the cone of elastic substance contained within it, with a 
motion in every direction ; thus forming a kind of universal joint, 
and giving to the entire column great strength, and power of 
raj>id flexion in the water. But as the inflections in the perpen- 
dicular direction are less necessary than in the lateral, they are 
limited by the overlapping, or contiguity of the spines. 

This mode of articulation gives mechanical advantage to ani- 
mals like Ashes, whose chief organ of progressive motion is^the 
tail; and the weight of whose bodies being always suspendell in 
water, creates little or no pressure on the edges, by which alone 
the vertebrec touch cat h other. 
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each other. It is quite certain, therefore, that 
such large and bulky creatures as the Ich- 
thyosauri, having their vertebrae constructed 
after the manner of fishes, had they been 
furnished with legs instead of paddles, could 
not have moved on land without injury to 
their backs.* 


Ribs. 

The ribs were slender, and most of them 
bifurcated at the top: they were also conti- 
nuous along the whole vertebral column, from 
the head to the pelvis, (see Plates 7, 8, 9) ; 
and in this respect agree with the structure of 
modern Lizards. A considerable number of 
them were united in front across the chest : 
their mode of articulation may be seen in PI. 14. 

* Sir E. Home has further remarked a peculiarity of the spinal 
canal, which exists in no other animals ; the annular part (PI. 
12, D a. and E a.) being neither consolidated with the body of 
the vertebra, as in quadrupeds ; nor connected by a suture, as in 
Crocodiles ; but remaining always distinct, and articulating by a 
peculiar joint, resembling a compressed oval ball and socket Joint, 
(D g. and E g.). And Mr. Conybeare adds, that this mode of 
articulation co-operates with the cup-shaped form of the interver- 
tebral joints, in giving flexibility to the vertebral column, and 
assisting its vibratory motions ; for, had these parts been consoli- 
dated, as in quadrupeds, their articulating processes must have 
locked the whole column together, so as to render such a motion 
of its parts impossible ; but by means of this joint every part 
yields to that motion. The tubercle by which the transverse 
apophysis of the head of the rib articulates with the vertebra, is 
seen at d. 
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The ribs of the right side were united to those 
of the left, by intermediate bones, analogous to 
the cartilaginous intermediate and slerMl por- 
tions of the ribs in Crocodiles ; and to the bones 
which, in the Plesiosaurus, forni what Mr. Co- 
nybeare has called the steynio-costal arcs. (See 
PI. 17.) This structure was probably subser- 
vient to the purpose of introducing to their 
bodies an unusual quantity of air; the animal 
by this means being enabled to remain long 
beneath the water, without rising to the surfatie 
for the purpose of breathing.^ 

* The stcrno-costal ribs probably formed part of a condensing 
apparatus, wbicb gave these animals the power of compressing 
the air within its lungs, before they descended beneath the water. 
In the Lond. and P^din. Phil. Mag. Oct. 1833, Mr. Faraday has 
notu;ed a method of preparing the organs of respiration in 
man, so as considerably to extend tlie time of holding the breath 
in an impure atmosphere ; or under water, as practised by pearl- 
fishers; and illustrated by experiments of Sir Graves C. Houghton. 
If a person inspires deeply, and ceasing with his lungs full of air, 
holds his breath as long as he is able, the time during which he 
can remain without breathing will be double, or more than double, 
that which he could do if he held his breath without such deep 
inspiration. When Mr. Brunei, jun. and Mr. Gravatt descended 
in a diving-bell to examine the hole where the Thames had 
broken into the tunnel at Rotherhithe, at the depth of about 
thirty feet of water, Mr. Brunei, having inspired deeply the com- 
pressed air within the diving-bell, descended into the water below 
the bell ; and found that he could remain twice as long under 
water, going into it from the diving-bell at that depth, as he 
could under ordinary circumstances. 

Mr. Gravatt has also informed me that he is able to dive, and 
remain three minutes under water, after indating his lungs with 
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Sternum, 

To a marine animal that breathed air, it was 
essential to possess an apparatus whereby its 
ascent and descent in the water may have 
been easily accomplished ; accordingly we find 
such an apparatus, constructed with prodigious 
strength, in the anterior paddles of the Ichthyo- 
saurus; and in the no less extraordinary com- 
bination of bones that formed the sternal arch, 
or that part of the chest, on which these pacl- 
dles rested. PI. 12, Fig. 1. 

It is a curious fact, that the bones composing 
the sternal arch are combined nearly in the 
same manner as in the Ornithorhynchus * of 
New Holland ; which seeks its food at the bot- 
tom of lakes and rivers, and is obliged, like the 

the largest possible quantity of common air, by a succession of 
strong and rapid inspirations, and immediately compressing the 
lungs thus filled with air, by muscular exertion, and contraction 
of the chest, before he plunges into the water. By this compres- 
sion of the lungs, the specific gravity of the body is also in- 
creased, and the descent is consequently much facilitated. 

All these advantages were probably united in the mode of re- 
spiration of the Ichthyosaurus, and also in the Plesiosaurus. 

* In this anomalous animal the Oraithorhynchus or Platy[)us, 
we have a quadruped clothed with fur, having a bill like a duck, 
with four webbed feet, suckling its young, and most probably ovo- 
viviparous : the male is furnished with spurs. — See Mr, R. Owen’s 
Papers on the Ornitborbynebus Paradoxus, in the Phil. Trans. 
London, 1832, Part II. and 1834, Part II. See also Mr. Owen’s 
Paper on the same subject in Trans. Zool. Soc. Lond. Part III. 
1835, in which he points out many approximations in the gene- 
rative and other systems of this animal to the organization of 
reptiles. 
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Ichthyosaurus, to be continually rising to the 
surface to breathe air.**^ 

Here then we have a race of animals that 
became extinct at the termination of the secon- 
dary series of geological formations, presenting, 
in their stmcture, a series of contrivances, the 
same in principle, with those employed at the 
present day to effect a similar purpose in one 
of the most curiously constructed aquatic qua- 
drupeds of New Holland. t 

Paddles. 

In the form of its extremities, the Ichthyo- 
saurus deviates from the Lizards, and approaches 
the Whales. A large animal, moving rapidly 
through the sea, and breathing air, must have 

• In both these animals there is superadded to the ordinary 
type of bones in quadrupeds, an enlargement of the coracoid 
bone (c), and a peculiar form of sternum, resembling the fur- 
cul(i of birds. In PI. 12, Fig. 1, a. represents the peculiar 
sternum or furcula ; b. b. the clavicles ; c. c. the coracoid 
bones ; d. d. the scapula? ; e. e. the humeri ; f. g. the radius 
and ulna. At Fig 2, the same letters are attached to the cor- 
responding bones of the Ornithoihynchus. 

The united power of all these bones imparls to the chest and 
paddles peculiar strength for an unusual purpose; not so much 
to effect progressive motion (which, in the Ichthyosaurus, was 
produced with much greater facility and j)Ower by the tail), as to 
ascend and descend vertically in quest of air and food. 

t The Echidna, or spiny Ant-eater, of New Holland, is the 
only known land quadruped that has a similar furcula and cla- 
vicles. As this animal feeds on Ants, and takes refuge in deep 
burrows, this structure may be subsidiary to its great power of 
A cartilaginous rudiment of a furcula occurs also in the 
Dasypus ; and seems subservient to the same purpose. 
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required great modification of the fqredeg and 
foot of the Lizard^ to fit it for such cetaceous 
habits. The extremities were to be converted 
into fins instead of feet, and as such we shall 
find them to. combine even a still greater union 
of elasticity with strength, than is presented by 
the fin or paddle of the Whale. Plate 12, Fig. 
1, shows the short and strong bones of the arm 
(e), and those of the fore arm (f, g) ; and be- 
yond these the series of polygonal bones that 
made up the phalanges of the fingers. These 
polygonal bones vary in number in different 
species, in some exceeding one hundred ; they 
differ also in form from the phalanges both 
of Lizards and Whales ; and derive, from their 
increase of number, and change of dimensions, 
an increase of elasticity and power. The 
arm and hand thus converted into an elastic 
oar or paddle, when covered with skin, must 
have much resembled externally the undivided 
paddle of a Porpoise or Whale. The position 
also of the paddles on the anterior part of the 
body was nearly the same ; to these were super- 
added posterior extremities, or hind fins, which 
are wanting in the cetacea, and which possibly 
make compensation for the absence of their flat 
horizontal tail : these hind paddles in the Ich- 
thyosaurus are nearly by one half smaller than 
the anterior paddles.* 

* In the Ornithorhynchus, also, the membranous expansion, or 
web of the hind feet, is very much less than that on the fore foot. 
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^Mr. Conybeare remarks, with his usual acu- 
men, that “the reasons of this variation from 
the proportions of the posterior extremities of 
quadrupeds in general, are the same which lead 
to a similar diminution of the analogous parts in 
Seals, and their total disappearance in the ceta- 
cea, namely, the necessity of placing the centre 
of the organs of motion, when acting laterally, 
before the centre of gravity. For the same 
reason, the wings of birds are placed in the fore 
part of their body, and the centre of the mov- 
ing forces given to ships by their sails, and to 
steam-boats by their paddles, is similarly placed. 
The great organ of motion in fishes, the tail, is 
indeed posteriorly placed, but this by its mode of 
action generates a vis a tergo^ which impels the 
animal straight forwards, and does not therefore 
operate under the same conditions with organs 
laterally applied.’' G.T. V. 5, p. 57P. 

I shall conclude this detailed review of the 
peculiarities of one of the most curious, as well 
as the most ancient, among the many genera 
of extinct reptiles presented to us by Geology, 
with a few remarks on the final causes of those 
deviations from the normal structure of its pro- 
per type, the Lizard; under which the Ichthy- 
osaurus combines in itself the additional charac- 
ters of the fish, the Whale, and Ornithorhynchus. 
As the form of vertebrae by which it is associ- 
ated with the class of fishes, seems to have been 
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introduced for tl^ purpose of giving rapid mo* 
tion in the wat^ to a Lizard inhabiting the ele- 
ment of fishes; so the further adoption of a 
structure in the legs, resembling the paddles of 
a Whale, was superadded in order to convert 
these extremities into powerful fins. The still 
further addition of a furcula and clavicles, like 
those of the Ornithorhynchus, offers a third and 
not less striking example of selection of contri- 
vances, to enable animals of one class to live in 
the element of another class. 

If the laws of co-existence are less rigidly 
maintained in the Ichthyosaurus, than in other 
extinct creatures which wc discover amid the 
wreck of former creations, still these deviations 
are so far from being fortuitous, or evidencing 
imperfection ; that they present examples of 
perfect appointment and judicious choice, per- 
vading and regulating even the most appa- 
rently anomalous aberrations. 

Having the vertebrae of a fish, as instru- 
ments of rapid progression ; and the paddles of 
a Whale, and sternum of an Ornithorhynchus, 
as instruments of elevation and depression ; the 
reptile Ichthyosaurus united in itself a combi- 
nation of mechanical contrivances, which are 
now distributed among three distinct classes of 
the animal kingdom. If, for the purpose of 
producing vertical movements in the water, the 
sternum of the living Ornithorhynchus assumes 
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fonns and combinations that occur but in one 
other genus of Mammalia, they are the same 
that co-existed in the sternum of the Ichthy- 
osaurus of the ancient world ; and thus, at 
points of time, separated from each other by the 
intervention of incalculable ages, we find an 
identity of objects effected by instruments so 
similar, as to leave no doubt of the unity of the 
design in which they ail originated. 

It was a necessary and peculiar function in the 
economy of the fish-like Lizard of the ancient 
seas, to ascend continually to the surface of the 
water in order to breathe air, and to descend 
again in search of food ; it is a no less peculiar 
function in the Duck-billed Ornithorhynchus of 
our own days, to perform a series of similar move- 
ments in the lakes and rivers of New Holland. 

The introduction to these animals, of such 
aberrations from the type of their respective 
orders, to accommodate deviations from the usual 
habits of these orders, exhibits an union of com- 
pensative contrivances, so similar in their rela- 
tions, so identical in their objects, and so perfect 
in the adaptation of each subordinate part, to 
the harmony and perfection of the whole ; that 
we cannot but recognise throughout them all, 
the workings of one and the same eternal prin- 
ciple of Wisdom and Intelligence, presiding from 
first to last over the total fabric of Creation. 
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SECTION V. 

INTESTINAL STRUCTURE OF ICHTHYOSAURUS 
AND OF FOSSIL FISHES. 

From the teeth and organs of locomotion, we 
come next to consider those of digestion in the 
Ichthyosaurus. If there be any point in the 
structure of extinct fossil animals, as to which it 
should have seemed hopeless to discover any 
kind of evidence, it is the form and arrangement 
of the intestinal organs ; since these soft parts, 
though of prime importance in the animal 
economy, yet being suspended freely within the 
cavity of the body, and unconnected with the 
skeleton, would leave no traces whatever upon 
the fossil bones. 

It is impossible to have seen the large appa- 
ratus of teeth, and strength of jaws, which we 
have been examining in the Ichthyosauri, without 
concluding that animals furnished with such 
powerful instruments of destruction, must have 
used them freely in restraining the excessive 
population of the ancient seas. This inference 
has been fully confirmed by the recent disco- 
very within their skeletons, of the half digested 
remains of fishes and reptiles, which they had 
devoured, (see PI. 13, 14,), and by the further 
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discovery of Coprolites, (see PI. 15,) i. e. of fcecal 
remains in a state of petrifaction, dispersed 
through the same strata in which these skeletons 
are buried. The state of preservation of these 
very curious petrified bodies is often so perfect, 
as to indicate not only the food of the animals 
from which they were derived, but also the 
dimensions, form, and structure of their stomach, 
and intestinal canal.* 

On the shore at Lyme Regis, these Coprolites 
are so abundant, that they lie in some parts of 
the lias like potatoes scattered in the ground ; still 


The following description of these Coprolites, is given in 
my memoir on this subject, published in the Transactions of* 
the Geological Society of London, 1829, (vol. iii. n. s. part i. 
p. 224. with three plates.) 

la variety of size and external form, the Coprolites resemble 
oblong pebbles or kidney;potatoes. They, for t]ie most part, 
vary from two to four inches in length, and from one to 
two inches in diameter. Some few are much larger, and bear 
a due proportion to the gigantic calibre of the largest Ichthyo- 
sauri ; others are small, and bear a similar ratio to the more 
infantine individuals of the same species, and to small fishes: 
some arc flat and amorphous, as if the substance had been 
voided in a semifluid state ; others are flattened by ])rcssure of 
the shale. Their usual colour is ash-grey, sometimes inter- 
spersed with black, and sometimes wholly black. Their sub- 
stance is of a compact earthy texture, resembling indurated 
clay, and having a conchoidal and glossy fracture. The struc- 
ture of the Coprolites at Lyme Regis is in most cases tortuous, 
but the number of coils is very unequal ; the most common 
number is three : the greatest I have seen is six ; these varia- 
tions may depend on the various species of animals from which 
they are derived; 1 find analogous variations in the tortuous 
intestines of modern Skates, SliaiLs, and Dog-tish. Some 
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more common are they in the lias of the Estuary 
of the Severn, where they are similarly disposed 
in strata of many miles in extent, and mixed so 
abundantly with teeth and rolled fragments of 
the bones of reptiles and fishes, as to show that 
this region, having been the bottom of an ancient 
sea, was for a long period the receptacle of the 
bones and fecal remains of its inhabitants. 
The occurrence of Coprolites is not however 
peculiar to the places just mentioned, they arc 
found in greater or less abundance throughout the 
lias of England ; they occur also in strata, of all 


Coprolites, especially the small ones, show no traces at all of 
contortion. 

“ The sections of these foecal balls, (sec PI. 15, Figs. 4, and 6,) 
show their interior to be arranged in a folded plate, wrapped 
spirally round from the centre outwards, like the whorls of a 
turbinated shell ; their exterior also retains the corrugations and 
minute impressions, which, in their plastic state, they may have 
received from the intestines of the living anjmals. (See PI, 15, 
Figs, 3, and 10 fo 14.) Dispersed irregularly and abundantly 
throughout these petrihed foeces, are the scales, and occasionally 
the teeth and bones of fishes, that seem to have passed undi- 
gested through the bodies of the Saurians; just as the enamel of 
teeth and sometimes fragments of bone, are found undigested 
both in the recent and fossil album grsecum of hyaenas. These 
scales are the hard bright scales of the Dapedium politum^ and 
other fishes which abound in the lias, and which thus appear to 
have formed no small portion of the food of the Saurians. The 
bones are chiefly vertebree of fishes and of small Ichthyosauri ; 
the latter are less frequent than the bones of fishes, but still are 
sufficiently numerous, to show that these monsters of the ancien( 
deep, like many of their successors in our modern oceans, may 
have devoured the small and weaker individuals of theit own 
species.” 
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that contain the remains of carnivorous rep- 
tiles, and have been recognized in many and 
distant regions both of Europe and America.* 

The certainty of the origin of these Coprolites 
is established, by their frequent presence in the 
abdominal region of fossil skeletons of Ichthyo- 
sauri found in the lias of Lyme Regis. One of 
the most remarkable of these is represented in 
PL 13; the coprolitic matter loaded with fish 
scales, within the ribs of these and similar spe- 
cimens, is identical in appearance and chemical 
composition with the insulated coprolites that 
occur in the same strata with the skeletons.f 

* Professor Jtrgcr has recently discovered many Coprolites 
in the alum slate of Gaiidorf in Wirtemberg; a formation 
which he considers to he in the lower region of that part of the 
new red sandstone formation which in Germany is called Keuper; 
and which contains the remains of two species of Saurians. 

In the United States Dr. Dckay has also discovered Copro- 
lites in the Green-sajid formation of Monmouth, in New Jersey/ 
see PI. 15, Fig. 13. 

t This specimen has been presented by Viscount Cole to the 
Geological Collection of the University of Oxford. It affords 
decisive proof that the substances in question cannot be referred 
to adventitious matter, placed accidentally in contact with the 
fossil body, inasmuch the large coprolitic mass is enclosed 
between the back bone and the right and left series of the ribs, of 
which the greater number remain nearly in their natural position. 
The quantity of this coprolite is prodigious, when compared with 
the size of the animal in which it occurs ; and if we were not 
acquainted with the powers of the digestive organs of reptiles and 
fishes, and their capacity of gorging the larger animals that form 
their prey ; the great space within these fossil skeletons of Ich- 
thyos^urit which is occasionally filled with coprolitip matter, 
would appear inexplicable. 
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The preservation of such fcBCal matter, and its 
conversion to the state of stone, result from the 
imperishable nature of the phosphate of lime, of 
which both bones, and the products of digested 
bones are gqually composed. 

The skeleton of another Ichthyosaurus in the 
Oxford Museum, from the lias at Lyme Regis, 
(PI. 14) shews a large mass of fish scales, chiefly 
refcrrible to the Pholidophorus limbatus,* in- 
termixt with coprolite throughout the entire 
region of the ribs ; this mass is overlaid by many 
ribs, and although, in some degree perhaps, 
extended by pressure, it shows that the length 

* According to Professor Agassiz, the scales of Pholidophorus 
limbatus, a species very frequent among the fossils of the lias, are 
more abundant than those of any other fish in the Coprolites found 
in that formation at Lyme Regis; and shew that this species was 
the principal food of these reptiles. In Coprolites from the coal 
formation, near Edinburgh, he has also recognised the scales 
of Paloeoniscus, and of other fishes that arc often found entire 
,l)ri strata that accompany the coal of that neighbourhood. 
Scales of the Zens Lewisiensis, a fish discovered by Mr, Man- 
tell, in the chalk, occur in Coprolites derived from voracious 
fishes during the deposition of this formation. 

A Coprolite from the lias, (PI. 15, Fig. 3), remarkable for its 
spiral convolutions, and vascular impressions, affords a striking 
example of the minute accuracy with which investigations are 
now conducted by naturalists, and of the kind of evidence which 
comparative anatomy contributes in aid of geological enquiry. 
On one side of this Coprolite, there is a small scale, (Fig. 3, a,) 
which 1 could only refer to some unknown fish, of the numerous 
species that occur in the lias. The instant I shewed it to M. 
Agassiz, he not only pronounced its species to be the Pholido- 
phorus limbatus ; but at once declared the precise place wiiteh 
this scale had occupied upon the body of the fish. A minute 
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of the Momach was nearly co-extensive with tlie 
trunk. 

Among living voracious reptiles we have ex- 
amples of stomachs equally capacious; we know 
that whole human bodies have been foynd within 
the stomachs of large Crocodiles ; we know also, 
from the form of their teeth, that the Ichthyo- 
sauri, like the Crocodiles, must have gorged their 
prey entire ; and when we find, imbedded in 
Coprolites derived from the larger Ichthyosauri, 
bones of smaller Ichthyosauri, of such dimen- 
sions, (see PI. 15, Fig. 18. And Geol. Trans. 
2, S. vol. iii, PI. 29, Figs. 2, 3, 4, 5,) that the 
individuals from which they were derived, must 
have measured several feet in length ; we infer 
that the stomach of these animals formed a pouch, 
or sac, of prodigious size, extending through 
nearly the entire cavity of the body, and of 
capacity duly proportioned to the jaws and 
teeth with which it co-operated. 

tube upon' its inner surface, (PI. 15, Fig. 3',) scarcely visible 
without a microscope, shewed it to have been one of those 
which form the lateral line of perforated scales, that pass from 
the head towards the tail, one on each side of every fish ; and 
convey a tube for the transmission of lubricating mucus from 
glands in the head, to the extremity of the body. The place 
of the scale in this line, had been on the left side, not far 
from the head. Fig. 3"' is the upper surface of a similar scale, 
shewing at e the termination of the mucous duct. 
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Spiral Disposition of Small Intestines. 

As the more solid parts of animals alone, are 
usually susceptible of petrifaction, we cannot 
demonstrate by direct evidence the form and size 
of the small intestines of the Ichthyosauri, but 
the contents of these viscera are preserved in 
such perfection in a fossil state, as to afford 
circumstantial evidence that the bowels in which 
they were moulded, were formed in a manner 
resembling the spiral intestines of some, of the 
swiftest and most voracious of our modern 
fishes. 

We shall best understand the structure of 
these intestines by examining the corresponding 
organs of Sharks and Dog-fish, animals not 
less peculiarly rapacious among the inhabitants 
of our modern seas, than the Ichthyosauri were 
in those early periods to which our considera- 
tions are carried back. We find in the intestines 
of these fishes, (see PI. 15, Figs. 1, and 2,) and 
also in those of Rays, an arrangement resembling 
that of the interior of an Archimedes screw, 
admirably adapted to increase the extent of 
internal surface for the absorption of nutriment 
from the food, during its passage through a tube 
containing within it a continuous spiral fold, 
coiled in such a manner, as to afford the greatest 

G. o 
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of surface in the sn^liest space. 
A siipilar contrivance is shown by the CoproUtes 
to have existed in the Ichthyosa,urus. $ee PI. 
15, Figs. 3, 4, 6.* 

# 

Impressions of the Mucous Membrane on 
CoproUtes. 

Besides the spiral structure and consequent 
shortness of the small intestine, we have addi- 
tional evidence to shew even the form of the 
minute vessels and folds of the mucous mem- 


* These cone-shaped bodies are made up of a flat and con- 
tinuous plate of digested bone, coiled round itself whilst it was 
yet in a plastic state. The I’orni i.s nearly that which would, be 
assumed by a piece of riband, forced continually forward into 
a cylindrical tube, through a long aperture in its side. In this 
case, the riband moving onwards, would form a succession of 
involuted cones, coiling one round the other, and after a certain 
number of turns within the cylinder, (the apex moving continu- 
ally downwards,) these cones would emerge from the end of the 
tube in a form resembling that of the Coprolites, PI. 15, Figs. 
3, 5, 7, 10, 11, 12, 13, 14. In the same manner, a lamina of 
coprolitic matter would be coiled up spirally into a series of 
successive cones, in the act of passing from a small spiral vessel., 
into the adjacent large intestine. Coprolites thus formed fell into 
soft mud, whilst it was accumulating at the bottom of the sea, and 
together with this mud, (which has subsequently been indurated/ 
into shale and stone,) they have undergone so complete a process 
of petrifaction, that in hardness, and beauty of the polish, of 
which they are susceptible, they rival the qualities of orna-* 
mental marble. ^ 

Fig.' 6, shews a longitudinal section through the axis of 



brane, by whteh it wad lined. This evidence 
consists in a series of vascular impressions and 
corrugations on 4;he surface of the Coprolite, 
•which it could only have received during its 
passage through the windings of this flat tube.^ 
Specimens thus marked are engraved at PI. 15, 
Figs. 3, 5, 7, 10, 12, 13, 14. 

If we attempt to discover a final cause for 
these curious provisions in the bowels of the 
extinct reptile inhabitants of the seas of a 
former world, we shall find it to be the same 
that explains the existence of a similar structure 


a coprolite, from the inferior chalk, in which this involute 
conical form is well defined. Fig. 4, is the transverse section 
of another Coprolite from the lias, shewing the manner in wliich 
the plate coils round itself, till it terminates externally in a 
broken edge, (at b). In all the figures the letter b, marks the 
transverse section of this plate, where it is broken off near the 
termination of its outer coil ; the sections at b, shew also the 
size and form of the flattened passage through the interior of the 
screw. 

A lamina of tenacious plastic substance pressed continually 
forwards from the interior of such a screw, into the cavity of 
the large intestine, would coil up spirally within it, until it 
attained the largest size admitted by its diameter ; from ibis coil 
successive portions would be broken off abruptly, (at b,) and 
descending into the cloaca would be thence discharged into the 
sea. 

♦ These impressions cannot have been derived from the mem- 
brane of the inferior large intestine, because they are continued 
along those surfaces of the inner coils of the Coprolite, which 
became permanently covered by its outer coils, in the act of 
passing from the spiral tube into this large intestine. 
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in ihe modern voracious tribes of Sharks and 
Dog-fish.* 

As the peculiar voracity of all these animals 
required the stomach to be both large and long, • 
there would remain but little space for the 
smaller viscera ; these are therefore reduced, as 
we have seen, nearly to the state of a flattened 
tube, coiled like a corkscrew around itself; 
their bulk is thus materially diminished, whilst 
the amount of absorbing surface remains almost 
the same, as if they had been circular. Had a 
large expansion of intestines been superadded 
to the enormous stomach and lungs of the 
Ichthyosaurus, the consequent enlargement of 
the body would have diminished the power of 
progressive motion, to the great detriment of an 


• Paley, in his chapter on mechanical compensations in the 
structure of animals, mentions a contrivance similar to that 
which we attribute to the Ichthyosaurus, as existing in a species of 
Shark, (the Alopecias, Squalus Vulpes, or Sea Fox). ** In this 
animal, he says, the intestine is straight from one end to the other : 
but, in this straight, and consequently short intestine, is a winding, 
cork-screw, spiral passage, through which the food, not without 
several circumvolutions, and in fact by a long route, is conducted 
to its exit. Here the shortness of the gut is compensated by 
the obliquity of the perforation.*' 

Dr. Fitton has called my attention to a passage in Lord 
King's Life of Locke, 4®. p. 166, 167, from which it appears 
that the importance of a spiral disposition within the intestinal 
canal, which he observed in many preparations in the collection 
of anatomy at Leyden, was duly appreciated by that profound 
philosopher. 
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auimal which dejiended on its spef^ for t^e 
capture of its prey. 

The above facts which w^e have elicited from 
the coprolitic remains of the Ichthyosauri, afford 
a new and curious contribution to our knowledge 
both of the anatomy and habits of the extinct in- 
habitants of our planet. We have found evidence 
which enables us to point out the existence of 
beneficial arrangements and compensations, even 
in tliose perishable, yet important parts which 
formed their organs of digestion. We have ascer- 
tained the nature of their food, and the form and 
structure of their intestinal canal ; and have traced 
the digestive organs through three distinct stages 
of ‘descent, from a large and long stomach, 
through the spiral coils of a compressed ileum, 
to their termination in a cloaca ; from which the 
Coprolites descended into the mud of the nascent 
lias. In this lias tliey have been interred during 
countless ages, until summoned from its deep 
recesses by the labours of the Geologist, to give 
evidence of events that passed at the bottom 
of the ancient seas, in ages long preceding the 
existence of man. 



Intestinal Stmcture of Fossil Fishes, ^ 

Discoveries have recently been made of Co- 
prolites derived from fossil fishes. Mr. Mantell 
has found them ivithin the body of the Macro- 
poma Mantellii, from the chalk of Lewes, placed 
in contact with the long stomach of this vora- 
cious fish : the coats of its stomach are also well 
preserved.* Miss Anning also has discovered 
them within the bodies of several species of 
fossil fish, from the lias at Lyme Regis. 
Dr. Hibbert has shown that the strata of 
fresh- water limestone, in the lower region of 
the coal formation, at Burdie House, near Edin- 
burgh, are abundantly interspersed with Copro- 
lites, derived from fishes of that early era ; and 
Sir Philip Egerton has found similar foecal 
remains, mixed with scales of the Megalich- 
thys, and fresh-water shells, in the coal for- 
mation of Newcastle-under- Lyne. In 1832, 
Mr. W. C. Trevelyan recognized Coprolites in 

* See Mantell’s Geol. of Sussex, PI. 38. I learn from Mr. 
Mantel), tliat the form of the Coprolites within the Macropoma 
most nearly resemble those engraved, PI. 15, Figs. 8, 9, of the 
present work : he also conjectures that the more tortuous kinds, 
(PL r5, Figs. 5, 7), long known by the name of Juli, and sup- 
posed to be fossd fir cones, may hsve been derived from fishes 
of the Shark family, (Ptychodus) whose large palatal teeth (PI. 
27. y) abound in the same localities of the chalk formation with 
thfem, at Steyuing an3 Hamsey. * 



the centra of nodules of clay ironstone^ that 
abound in a low cliff composed of shale, be- 
longing to the coal formation at Newhaven, 
near Leith. I visited the spot, with this gen- 
tleman and Lord Greenock, in September, 
1834, and found these nodules strewed so 
thickly upon the shore, that a few minutes 
sufficed to collect more specimens than I could 
carry ; many of these contained a fossil fish, or 
fragment of a plant, but the greater number had 
for their nucleus, a Coprolite, exhibiting an 
internal spiral structure; they were probably 
derived from voracious fishes, whose bones are 
found in the same stratum. These nodules 
take a beautiful polish, and have been ap- 
plied by the lapidaries of Edinburgh to make 
tables, letter presses, and ladies’ ornaments, 
under the name of Beetle stones, from their 
supposed insect origin. Lord Greenock has dis- 
covered, between the laminae of a block of coal, 
from the neighbourhood of Edinburgh, a mass 
of petrified intestines distended with Coprolite, 
and surrounded with the scales of a fish, which 
Professor Agassiz refers to the Megalichthys. 

This distinguished naturalist has recently as- 
certained that the fossil worm-like bodies, so 
abundant in the lithographic slate of Solen- 
hofen, and described by Count Munster in the 
Petrefacten of Goldfuss, under the name of 
Lumbricaria^ are either the petrified intestines 



* As these Cololites are niok frequently found insulated in 
the lithographic limestone, M. Agassiz has ingeniously explained 
this fact by observing the process of decomposition of dead 
Hshes in the lakes of Switzerland. The dead hsh floats on 
the surface, with its belly upwards, until the abdomen is so 
distended with putrid gas, that it bursts : through the aperture 
thus formed the bowels come forth into the water, still adhering 
together in their natural state of convolution. This intestinal 
mass is soon torn from the body by the movement of the 
waves ; the fish then sinks, and the bowels continue a long- 
time floating on the water; if cast on shore, they remain 
many days upon the sand before they are completely decom- 
posed. The small bowels only are thus detached from the body, 
the stomach and other viscera remain within it. 

We owe this illustration of the nature of these fossil bodies, 
whose origin has hitherto been inexplicable, to the autlior of a 
most important work on fossil fishes, now under publication 
at Netrchatel. His qualifications for so great and difficult a 
task are abundantly guaranteed by the fact, that Cuvier, on 
seeing the progress he had made, at once placed at the disposal 
of Professor Agassiz the materials he had himself collected 
towards a similar work. 
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i It is probable tbat4o many persons ines:p6ri« 
enced in anatomy, any kind of information on a 
subject so remote, and apparently^so inaccessible, 
as the intestinal structure of an extinct reptile or 
a fossil fish, may at first appear devoid of the 
smallest possible importance ; but it assumes a 
character of high value, in the investigation of 
the proofs of creative wisdom and design, that 
are unfolded by the researches of Geology ; and 
supplies a new link to that important chain, 
which connects the lost races that formerly in- 
habited our planet, with species that are actually 
living and moving around ourselves.* The sys- 
tematic recurrence, in animals of such distant 
eras, of the same contrivances, similarly dis- 
posed to effect similar purposes, with analogous 
adaptations to peculiar conditions of existence, 
shews that they all originated in the same Intel- 
ligence. 

When we see the body of an Ichthyosaurus, 
still containing the food it had eaten just before 
its death, and its ribs still surrounding the 
remains of fishes, that were swallowed ten thou- 


* Le temps qui repand de la dignite sur tout ce qui echappe 
son pouvoir destructeur, fait voir ici un exemplc singulier de son 
influence: ces substances si viles dans leiir origine, et«iit ren- 
dues a la lumiere apres tant de siecles, deviennent d’une grande 
importance puis qu’elles servent a remplir un nouveau chapitre 
dans rhistoire nalurclle du globe. — Bulletin Soc. Imp. de Moscow, 
No. VI, 1833, p. 23. 
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8ai^, or more than ten times ten thousand years 
ago, all these vast intervals seem annihilated, 
time altogethes disappears, and we are almost 
brought into as immediate contact with events 
of immeasurably distant periods, as with the 
affiiirs of yesterday. 

SECTION VI. 

PLESIOSAURUS.* 

We come next to consider a genus of extinct 
animals, nearly allied in structure to the Ichthy- 
osaurus, and co-extensive with it through the 
middle ages of our terrestrial history. The dis- 
covery of this genus forms one of the most im- 
portant additions that Geology has made to com- 
parative anatomy. It is of the Plesiosaurus, that 
Cuvier asserts the structure to have been the 
most heteroclite, and its characters altogether 
the most monstrous, that have been yet found 
amid the ruins of a former world. t To the head 
of a Lizard, it united the teeth of a Crocodile ; 
a neck of enormous length, resembling the body 
of a Serpent : a trunk and tail having the pro- 
j:)ortions of an ordinary quadruped, the ribs of a 
• 

• See PI. 16, 17, 18, 19. 

+ Cet habitant de I’ancien monde peut-6tre la plus heteroclite 
et celui de tous qui parott le plus meriter le nom de monstres-r- 
Oss.,Fo«s. V« Ft* P* 476. 
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Camelim, and the paddles of a Whale. Such 
are the strange combinations of form and struc- 
ture in the Plesiosaurus -a genus, the remains 
of which, after interment for thousands of years 
amidst the wreck of millions of extinct inhabi- 
tants of the ancient earth, are at length recalled 
to light by the researches of the Geologist, and 
submitted to our examination, in nearly as per- 
fect a state as the bones of species that are now 
existing upon the earth. 

The Plesiosauri appear to have lived in shal- 
low seas and estuaries, and to have breathed air 
like the Ichthyosauri, and our modern Cetacea. 
We are already acquainted with five or six spe- 
cies, some of which attained a prodigious size 
and length; but our present observations will 
be chiefly limited to that which is the best 
known, and perhaps the most remarkable of 
them all, viz. the P. Dolichodeirus.* 


* The first specimens of ^lis animal were discovered in the lias 
of Lyme Regis, about the year 1823, and formed the foundation 
of that admirable paper (Geol. Trans. Lond. vol. 5, Pt. 2.) in which 
Mr. Conybeare and M. De la Beche established and named this 
genus. Other examples have since been recognised in the same 
formations in different parts of England, Ireland, France, and 
Germany, and in formations of various ages, from the muschel 
kalk upwards to the chalk. The first specimen discovered in a 
state approaching to perfection, was that in the collection of the 
Duke of Buckingham, (figured in the Geol. Trans. Lond. N. S. 
Vol. 1, Pt. 2, PI. 48). Another specimen, nearly entire, in the 
collection of the British Museum, eleven feet in length, is figured 
in our second volume, (PL 16); and at Pi. 17, a still more pet- 
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Head* 

The head of the P. Dolichodeiriis exhibits a 
combination of the characters of the Ichthyo- 
saurus, the Crocodile, and the Lizard, but most 
nearly approaches to the latter. It agrees with 
tlie Ichthyosaurus in the smallness of its nostrils, 
and also in their position near the anterior angle 
of the eye ; it resembles the Crocodile, in having 
the teeth lodged in distinct alveoli ; but differs 
from both, in the form and shortness of its head, 
many characters of which approach closely to 
the Iguana.'l 


feet fossil skeleton, also in the British Museum, discovered by Mr. 
Hawkins, in the lias at Street, near Glastonbury. At PI. 16 is also 
copied Mr. Conybeare’s restoration of this animal, from dislocated 
fragments, before any entire skeletons were found. The near 
approach of this restoration to the character of the perfect ske- 
letons, affords a striking example of the sure grounds on which 
comparative anatomy enables us to r<jponstriict the bodies of fossil 
animals, from a careful combination of insulated parts. The 
soundness of the reasoning of Cuvier, on the fossil quadrupeds 
of Montmartre, was established by the subsequent discovery of 
skeletons, such as he had conjectural ly restored from insulated 
bones. Mr. Conybearc’s restoration of the Plesiosaurus Doli- 
chodeirus, (PI. 16,) was not less fully conBrmed by the speci- 
mens above mentioned, 

* See PI. 16, 17, 18. 

•t Mr. Conybeare, in the Geol. Trans, second series, vol, 1, 
part i; PI. 19, has published figures of the superior and lateral 
view of a nearly j^crfect head of this animal. Our figure, PI. 18, 
Fig. 2, represents the head of the specimen in the Britisji Mu- 
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Neck. 

The most anomalous of all the characters of 
P. Dolichodeirus is the extraordinary extension 
of the neck, to a length almost equalling that of 
the body and tail together, and surpassing in the 
number of its vertebrae (about thirty-three) that 
of the most long-necked bird, the Swan : it thus 
deviates in the greatest degree from the almost 

seum, of wliich the entire figure, on a smaller scale, is given in 
Pi. 16. The head is in a supine position; the upper jaw is dis- 
torted, and shows several of the separate alveoli that contained 
the teeth/ and also the posterior portion of the palate. The 
under jaw is but little disturbed. 

A figure of another lower jaw is given at PI. 18, Fig. 1, taken 
from a specimen also in the British Museum, found by Mr. Haw- 
kins, at Street. 

PI. 19, Fig. 3, represents the extremity of the dental bone of 
another lower jaw, in the same collection, retaining several teeth 
in the anterior sockets, and also exhibiting a series of new teeth, 
rising within an interior range of small cavities. This arrange- 
ment for the formation of new teeth, in cells within the bony 
mass that contains the older teeth, from which they shoot irre- 
gularly forwards through the substance of the bone, forms an 
important point of resemblance whereby the Plesiosaurus as- 
sumes, in the renovation of its teeth, the character of Lizards, 
combined with the position of the perfect teeth in distinct alveoli, 
after the manner of Crocodiles. 

The number of teeth in the lower jaw was fifty-four, which, if 
met by a corresponding series in the upper jaw, must have made 
the total number to exceed one hundred. The anterior part of 
the extremity of the jaw enlarges itself like the bowl of a spoon, 
to allow space for the reception of the six first teeth on each side, 
which are the largest of all. 
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uBiversal law, which limife the cervical vertebras 
of quadrupeds to a very small number. Even 
in the Camelc^ard, the Camel, and Lama, their 
number is uniformly seven. In the short n^k 
of the Cetacea the type of this number is main- 
tained. In Birds it varies from nine to twenty- 
three ; and in living Reptiles from three to eight.^ 
IJ^e shall presently hnd in the habits of -the 
Plesiosaurus a probable cause for this extraordi- 
nary deviation from the normal character of 
the Lizards. 

♦ To compensate for the weakness that would have attended 
this great elongation of the neck, the Plesiosaurus had an 
addition of a series of hatchet-shapcd processes, on each side 
of the lower part of the cervical vertebrec. (PI. 17, and PI. 19, 
2.) Rudiments and raodiBcations of these processes exist in 
birds, and in long-necked quadrupeds. In the. Crocodiles they 
assume a form, most nearly approaching that which they bear in 
the Plesiosaurus. 

The bodies of the vertebree also more nearly resemble those 
of certain fossil Crocodiles, than of Ichthyosauri or Lizards; 
they agree further with the Crocodile, in having the annular part 
attached to the body by sutures ; so that we have in the neck of 
the P.* Dolichodeirus a principle of construction resembling that 
of the vertebree of Crocodiles ; combined with an elongation very 
muck exceeding that of the longest neck in birds, and such as 
occurs in no other known animal of the extinct or living creations. 
The length of the neck in P. Dolichodeirus is nearly five times 
that of the head; that of the trunk four times the length of the 
head^ and of the tail three times ; the head itself being one^thir- 
teenf^ part of tb^ whole body. — See Geol. Trans, 
p, jind' YdL I. N. S. p. 103, et seq. 
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Sack and Tail. 

The vertebrae of the back were not disposed in 
hoUow cones, like tliose of fishes, but presented 
to each other nearly flat surfaces, giving to. the 
column a stability, like that which exists in the 
back of terrestrial quadrupeds. The articulat- 
ing processes, also, were locked into one another 
in such manner as to give strength, rather than 
that peculiar kind of flexibility, which admitted 
of the same quick progressive motion in the 
Ichthyosauri that we find in fishes : but as rapid 
motion was incompatible with the structure of 
the other parts of the Plesiosaurus, the combi- 
nation of strength, rather than of speed with 
flexibility, was more important. 

The tail, being comparatively short, could not 
have been used like the tail of fishes, as an 
instrument of rapid impulsion in a forward direc- 
tion ; but was probably employed more as a 
rudder, to steer the animal when swimming on 
the surface, or to elevate or depress it in ascend- 
ing and descending through the water. The 
same con^quence as to slowness of motion 
would follow from the elongation of the neck’, 
to so great a distance in front of the anterior 
paddles. The total number of vertebrae in the 
entire cblumn was about ninety. From all tbele 
cimumstances we may infer that Inis snlaii^,’ 
altbongl^ nf considerable size, had to seek its 
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aa well aa ita safety, chiefly by means of artifice 
and concealment. 


Ribs.* 

The ribs are composed of two parts, one ver- 
tebral and one ventral ; the ventral portions of 
one side, (PI. 18, 3 , b,) uniting with those on 
the opposite side by an intermediate transverse 
bone, (a, c,) so that each pair of ribs encircled 
the bo<ly with a complete belt, made up of five 
parts.t Cuvier observes that the similarity of 
this structure to that of the ribs of Cameleons 
and two species of Iguana, (Lacerta Marmorata, 
Lin. and AnoHus, (!uvier,) seems to shew that 
the lungs of the Plesiosaurus Dolichodeirus, 
(as in these three subgeuera of living Sauriaus,) 
were very large ; and possibly that the colour 
of its skin also was changeable, by the varied 
intensity of its inspiratioiis.t Oss. Foss. Vol. V . 
Pt. 2. p. 28(1. 

•f'keePl. 16, 17, 18. 

t The ventral portion of each rih, (PI, 17, and PI, 18, 3, 
b,) appeani to have been composed of three slender bones fitted 
to one anotiier by oblique groovefl, allowing of great expansive 
movement during the infiation of the lungs: the manner in 
which these triple bones were folded over one another, is best 
seen in a single series between a, and b, the upper ends of the 
vehtml portions of the ribs (b) have been separated by pressure, 
from lower ends of the vertebral portions, (d;) 

t Wit lave no means to verify tliis ing^ious eoi^ecture, that 
the Pl^dosanrus may have been a kind of aub^ktdm Cameleon, 
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This hypothesis of Gorier is but coojecturaJ, 
respecting the power of the Pl^iosaurus to 
change the colour of its skin ; and to the un- 
expfrienced in comparative anatomy, it may 
equally conjectural^ to deduce any other 
conclusions respecting such perishable organs 
as the lungs, from the discovery of peculiar con- 
trivances, and unusual apparatus in the ribs; 
yet we argue on similar grounds, when from the 
form and capabilities of these fossil ribs, we infer 
that they were connected, as in the cameleon, 
with vast and unusual |)ower8 of expansion and 
contraction in the lungs; and when, on finding 
the ribs and wood-work of a worn-out bellows, 
near the\v':ins of a blacksmith s forge, we con- 
clude that these more enduring parts of the 

possessing the power of altering the colour of its skin ; it mutt 
however be admitted that such a power would have been of 
much advantage to this animal, in defending it by concealment 
from its most formidable enemy the Ichthyosaurus, with which, 
its diminutive head and long slender neck, must have rendered 
it a very unequal combatant, and from whose attacks its slow 
locomotive powers must have made escape by flight impossltfle; 
the enlarged condition of the lungs, would also have been of 
great advantage in diminishing the frequency of its ascents to 
the surface, to inspire air; an operation that must have been 
attended with constant danger. In a sea thickly swarming with 
Ichthyosauri. Dr. Stark has recently observed that certain Ashes, 
especially minnows, have a tendency to assume the colour of the 
vessel In whkh they are kept. (Proceedings Zool. Soc. Loud. 
July, 1833.) As in animals of this class there are no lungs, 
this change of colour must arise from other cause than that to 
which it haa heen attributed in the Cameleon* 

G, ' 
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fratulB of |hi» imihment, have been connected 
with a propcMTlionahle expansion of leather. 

The compound character of the ribs, probably 
also gave to the Pleiaosaurus the gamefii^liner 
of compressing air within its lungs, and in that 
state taking it to the bottom, which we have 
considered as resulting from the structure of 
the steno-costal apparatus of the Ichthyosauri. 


Exireniities.* 

As tlie Plesiosaurus breathed air, and was 
therefore obliged to rise often to the surface for 
inspirhtion, this necessity was met by an appa- 
ratus in the chest and pelvis, and in the bones 
of the arms and legs, enabling it to ascend and 
descend in the water after the manner of the 
Ichthyosauri and Cetacea ; accordingly the legs 
were converted into paddles, longer and more 
powerful than those of the Ichthyosaurus, thus 
compensating for the comparatively small assist- 
ance which it could have derived from its tail.f 
Comparing these extremities with those of 
other vertebrated animals, we trace a regular 

• See PI. 16, 17, 19. 

t The number of joints representinj: the phalanges of the 
fingers and toes exceeds that in the Lizards and Birds, and also 
in all Mammalia, excepting the Whales, some of which present a 
likmate of number to accommodate them to the corres- 
office of a paddle* The mode of connection between 
the Joints was (like that in the Whales,) bf $ifnch<mdrosis. 
The pbalani^ of i;be Plesiosaurus present a lint, between the 
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series of links and gradarioiis^ from eorres* 
ponding parts of tlie highest mammalia^ to their 
least perfect form in the fins of fishes. In the 
fora |mddle of the Plesiosaurus, we have all the 
essential parts of the fore of a quadruped, 
and even of a human arm ; first the scapula, 
next the humerus, then the radius and ulna, 
succeed^ by the bones of the carpus and meta* 
carpus, and these followed by five fingers, each 
composed of a continuous series of phalanges, 
(see PI. 16, 17, 19.) The hind paddle also oflers 
precisely the same analogies to the leg and foot 
of the Mammalia ; the pelvis and femur are 
succeeded by a tibia and fibula, which articulate 
with the bones of the tarsus and metatarsus, 
followed by the numerous phalanges of five long 
toes. 

From the consideration of all its characters, 
Mr. Conybeare has drawn the following infe- 
rences with resjiect to the habits of the Plesio- 
saurus Dolichodeirus, “ That it was aquatic is 
evident, from the form of its paddles ; that it 
was marine is almost equally so, from the re- 
mains with which it is universally associated; 

still more numerous and angular joints of the paddle of the 
Ichthyosaurus, and the phalanges of land quadrupeds, which 
more or less cylindrical ; in these sea Lizards they were flattened, 
for the purpose of giving breadth to the extremities as organs- of 
swimming. As its paddles give no indication of having carried 
even such Impeifect claws, as those of the Turtles and Ifaiils, 
the Piesiosanrits apparently could have made little or no progfi^ 
in any other qlement than water. ' - > 
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that it may have occasionally viaked the shore, 
the resemblance of its extremities to those of 
the Turtle may lead us to conjecture ; its motion 
however must have been very awkwm^ cplaiid ; 
its long neck must have impeded its progress 
through the water ; presenting a striking con- 
trast to the organization which so admirably 
fits the Ichthyosaurus to cut through ti^ waves. 
May it not therefore be concluded (since, in 
addition to these circumstances, its respiration 
must have required frequent access of air,) tliat 
it swam upon, or near the surface ; arching 
back its long neck like the swan, and occasion- 
ally darting it down at the fish which happened 
to float within its reach. It may perhaps have 
lurked in shoal water along the coast, concealed 
among the sea-weed, and raising its nostrils to a 
level with the surface from a considerable depth, 
may have found a secure retreat fium the as- 
saults of dangerous enemies; while the length 
and flexibility of its neck may have compen- 
sated for the want of strength in its jaws, and 
its incapacity for swift motion through tlie water, 
by the suddenness and ^ility of the attack 
wfakdi they enabled it <€0 make on every animal 
for its prey, which came within its reach,” 
— Geol. Trans, n. s. vol. i. part ii. p. 38^1. 

We b^g^ our account of the Plesiosaurus 
with; quoting the high authority of Cuvier, for 
considering it as one of the most anomalous and 
mpnstfnujs productions of the ancient systems of 
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creation; we have seen in proceeding through 
our examination of its details, that th^ appa- 
rent anomalies consist only in the divm«ified 
arrahgmnent, and varied {woportion, of parts 
fundamentally the same as those that occur in 
the most perfectly formed creatures of the pre- 
sent Mrmld. 

Pursuing the analogies of construction, tliat 
connect the existing inhabitants of the earth 
with those extinct genera and species which 
preceded the creation of our race, we find an 
unbroken chain of affinities pervading the entire 
series of organized beings, and connecting all 
past and present forms of animal existence by^ 
close and harmonious ties. Even our own 
bodies, and some of their most important organs, 
are brought into close and direct comparison 
with those of reptiles, which, at first sight, ap- 
pear the most monstrous productions of crea- 
tion ; and in the very hand and fingers with 
which we write their history, we recognise the 
type of the paddles of the Ichthyosaurus aind 
Plesiosaurus. 

Extending a similar comparison through the 
four great classes of vertebral animals, we find 
in each species a varied adaptation of ana- 
logous parts, to the difierent circurnsmnces and 
conditions in which it was intended to be 
placed. Ascending from the lower orders, wo 
trace a gradual advancement in structure and 
office, till we arrive at those: whose functions 
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are thi most exalted : thus, the fin of lihe fish 
becomes the paddle of the reptile Plesiosaurus 
and Ichthyosaurus; the same organ is con- 
verted into the wing of the Pterodactyle, the 
bird and bat ; it becomes the fore-foot, or paw, 
in quadrupeds that move upon the land, and 
attains its highest consummation in the arm 
and hand of rational man. 

I will conclude these observations in the 
words and with the feelings of Mr. Conybeare, 
which must be in unison with those of all who 
have had the pleasure to follow him through his 
masterly investigations of this curious subject, 
/rom which great part of our information re- 
specting the genus Plesiosaurus has been de- 
rived : 

“ To tlie observer actually engaged in tracing 
tlie various links that bind together the chain of 
organised beings, and struck at every instant by 
the development of the most beautiful analogies, 
almost every detail of comparative anatomy, 
however minute, acquires an interest, and even 
a charm ; since he is continually presented with 
fresh proof of ^e great general law, M'hich 
Scarpa himself, one of its most able investi- 
gators, has so elegantly expressed : ‘ Usque adeo 
nature, una eadem semper atque multiplex, dis- 
paribus etiam formis effectus pares, admirabili 
tarietatum simplicitate conciliat.’ ” 
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SECTION VII. 

MOSASAURUS, OR GREAT ANIMAL OF MAESTRICHT. 

The Mosasaunis has been long known by the 
name of the great animal of Maestricht, occur- 
ing near that eity, in the calcareous freestone 
which forms the most recent deposit of the 
cretaceous fonnation, and contains Ammonites^ 
Belemnites, Karaites, and many other shells 
belonging to the chalk, mixt with numerous 
remains of marine animals that are peculiar to 
itself. A nearly perfect head of this animal was 
discovered in 1780, and is now in the Museum 
at Paris. This celebrated head during many 
years baffled all the skill of Naturalists; some 
considered it to be that of a Whale, others of a 
Crocodile ; but its true place in the animal king- 
dom was first suggested by Adrian Camper, and 
at length confirmed by Cuvier. By their inves- 
tigations it is proved to have been a gigantic 
marine reptile, most nearly allied to the Monitor."* 
The geological epoch at which the Mosasaurus 

• The Monitors form a genus of Lizards, frequenting marshes 
and the banks of rivers in hot climates ; they have received 
this name from the prevailing, but absurd, notion that they give 
warning by a whistling noise, of the approach of Crocodiles and 
Caymans. One species, the Lacerta nilotica, which devours 
the eggs of Crocodiles, has been sculptured on the monuments 
of ancient ^ypt. 
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first appeared, seems to have be^ the last of 
the long series, during which the oolitic and 
cretaceous groupes were in process of formation. 
In these periods the inhabitants of our planet 
seem to have been principally marine, and 
some of the largest creatures were Saurians of 
gigantic stature, many of them living in the 
sea, and controlling the excessive increase of 
the then existing tribes of fishes. 

From the lias upwards^ to the commencement 
of the chalk formation, the Ichtliyosauri and 
Plesiosauri were the tyrants of the ocean ; and 
just at the point of time when their exii^nce 
terminated, during the deposition of the chalk, 
the new genus Mosasaurus appears to have been 
introduceil, to supply for a while their place and 
office,’^ being itself destined in its turn to give 
place to tine Cetacea of the tertiary periods. 
As no Saurians of the present world are inha- 
bitants of the sea, and the most powerful living 
representatives of this order, viz. the Crocodiles, 
though living chiefly in water, have recourse 
to stratagem rather than speed, for the capture 
of their prey, it may not be unprofitable to 
examine the mechanical contrivances, by which 
a rutile, most nearly allied to the Monitor, was 
so constructed, as to possess the power of 
moving in the sea, with sufficient velocity to 

* Remains of the Mosasaurus have been discovered by Mr. 
Manteit in the uj^r diaik near Lewes, and by Dr. Morton in 
the green sand of " 
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overtake and capture such large and powerful 
fishes, as from tlie enormous size of its teeth 
and jaws, we may conclude it was intended to 
devour. 

The head and teeth, (PI. 20.) point out the 
near relations of this animal to tlie Monitors ; 
and the proportions maintained throughout all the 
other parts of the skeleton warrant the conclu- 
sion, that this monstrous Monitor of the ancient 
deep was five and twenty feet in length, although 
the longest of its modern congeners does not 
exceed five feet. The head here represented 
measures four feet in length, that of the largest 
Monitor does not exceed five inches. The most 
skilful Anatomist would be at a loss to devise u 
series of modifications, by which a Monitor 
could be enlarged to the length and bulk of a 
Grampus/ and at the same time be fittcnl to 
move with strength and rapidity through the 
waters of the sea ; yet in the fossil before us, 
we shall find the genuine characters of a Mo- 
nitor maintained throughout the whole skeleton, 
witli such deviations only as tended to fit the 
animal for its marine existence. 

The Mosasaurus had scarcely any character 
in common with the Crocodile, but resembled 
the Iguanas, in having an apparatus of teeth 
fixed on the pterygoid bone, (PI. 20, k.) and 
placed in the roof of its mouth, as in many 

* The Grampus is from 20 to 25 feet long, and .vary fero- 
cious, feeding on seals and porpoises as well as on Ssha»* 
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serpents and fishes, where they act as barbs to 
prevent the escape of their prey.^ 

The other parts of the skeleton follow the 
character indicated by the head. The vertebne 
are all concave in front, and convex behind ; 
being fitted to each other by a ball and socket 
joint, admitting easy and universal flexion. 
From the centre of the back to the extremity of 
tlie tail, they are destitute of articular apophyses, 
which are essential to support the back of 
animals that move on land : in this respect, they 
agree with the vertebrae of Dolphins, and were 
calculated to facilitate the power of swimming ; 
the vertebrae of the neck allowed to that part 
also more flexibility than in the Crocodiles. 

The tail was flattened on each side, but high 
and deep in the vertical direction, like the tail 
of a Crocodile; forming a straight oar of im- 
mense strength to propel the body by horizontal 

* The teeth have no true roots and are not hollow, as in the 
Crocodiles, but when full grown, are entirely solid, and united 
to the sockets by a broad and firm base of bone, formed from 
the ossification of the pulpy matter which had secreted the 
tooth, and still further attached to the jaw by the ossification 
of the capsule that had furnished the enamel. This indurated 
capsule, passed like a circular buttress around its base, tending 
to make the tooth an instrument of prodigious strength. The 
young tooth first appeared in a separate cell in the bone of the 
jaw, (PI, 20, h.) and moved irregularly across its substanoe, 
until it pressed iB^inst the base of the old tooth ; causii^ it 
graduidly td become detached, together with its base by a kind 
of necrosis, and to fiadl off like die horns of a Deer. The 
teeth, in the roof of the mouth, are also constructed on the same 
principle with those in the jaw, and renewed in like manner. 
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itiovements, analogous to those of skulling. 
Although the number of caudal vertebrae was 
nearly the same as in the Monitor, the propor- 
tionate length of the tail was much diminished 
by the comparative shortness of the body of 
each vertebra ; the effect of this variation being 
to give strength to a shorter tail as an organ for 
swimming ; and a Vapidity of movement, whicli 
would have been imattainable by the long 
and slender tail of the Monitor, which assists 
that animal in climbing. There is a further 
provision to give strength to the tail, by the 
chevron bones being soldered firmly to tlie body 
of each vertebra, as in fishes. 

The total number of vertebne was one hun- 
dred and thirty-three, nearly the same as in 
the Monitors, and more than double the num- 
ber of those in tlie Crocodiles. The ribs had 
a single head, and were round, as in the family 
of Lizards. Of the extremities, sufficient frag- 
ments have been found to prove that the Mosa- 
saurus, instead of legs, had four large paddles, 
resembling those of the Plesiosaurus and tlie 
Whale : one great use of these was probably to 
assist in raising the animal to the surface, in 
order to breathe, as it apparently had not the 
horizontal tail, by means of which the Cetacea 
ascend for this purpose. All these characters 
uni^ to show that the Mosasaurus was adapted 
to liite entirely in the water, and that although 
it was of such vast proportions compared with 
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the living genera of families,- it formed 

a link inteamediate between the Monitors and 
the Iguanas. However strange it may appear 
to find its dimensions so much exceeding those 
of any existing Lizards, or to find marine 
genera in the order of Saurians, in which there 
exists at this time no species capable of living 
in the sea ; it is scarcely less strange than the 
analogous deviations in the Megalosaurus and 
Iguanodon, which afford examples of still greater 
expansion of the type of the Monitor and Iguana, 
into colossal forms adapted to move upon the 
land. Throughout all these variations of propor- 
tion, we trace the persistence of the same laws, 
which regulate the formation of living genera, 
and from the combinations of perfect mecl^ihism 
that have, in all times, resulted from their ope- 
ration, we infer the perfection of the wisdom 
by which all this mechanism was designed, and 
the immensity of the power by which it has ever 
been upheld. 

Cuvier asserts of the Mosasaurus that before 
he had seen a single vertebra, or a bone of any 
of its extremities, he was enabled to announce 
the character of the entire* skeleton, from the ex- 
amination of the jaws and teeth alone, and even 
from. a. single tooth. The power of doing this 
results frei^ ^ose magnificent laws of CQ-|^t-' 
ence,w;hida the basis of the science tjl^i^m- 
parative anatomy, and which give the highest 
uin»c8t to its discoveries. 
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SECTION VIIl. 

PTERODAOTYLE."*^ 

Among the most remarkable disclosures made 
by the researches of Geology, we may rank the 
flying reptiles, which have been ranged by 
Cuvier under the genus Pterodactyle ; a genus 
presenting more singular combinations of form, 
than we find in any other creatures yet disco- 
vered amid the ruins of the ancient earth. i 
The structure of these animals is so exceed- 
ingly anomalous, that the first discovered Ptero- 
dactyle (PI. 21) was considered by one natu- 
ralist to be a bird, by another as a species of 
bat, and by a third as a flying reptile. 

This extraordinary discordance of opinion 
respecting a creature whose skeleton was almost 
entire, arose from tlie pi^esence of characters 
apparently belonging to each of tlie three classes 
to which it was referred. The form of its head, 
and length of neck, resembling that of birds, its 
wings approaching to the proportion and form of 


* See PI. 1, Figs. 42, 43, and Plates 21, 22. 
t PUjercQactyles have hitherto been found chiefly in the quar- 
riesof lithographic limestone of the jura formation at Airhstadt 
«tid Skt^hofen ; a stone abounding in marine recn^n<« ^nd also 
and other insect#. The^ haVe also been 
discofiji^^iii the lias at Lyme Regis, and in the oolitic slate of 
Stonei^eld. 
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those of bats, and the body and tail approximat- 
ing to those of ordinary Mammalia. These 
characters, connected with a small skull, as is 
usual among reptiles, and a beak furnished with 
not less than sixty pointed teeth, presented a 
combination of apparent anomalies which it was 
reserved for the genius of Cuvier to reconcile. 
In his hands, this apparently monstrous produc- 
tion of the ancient world, has been converted into 
one of the most beautiful examples yet aflTorded 
by comparative anatomy, of the harmony that 
pervades all nature, in the adaptation of the 
same parts of the animal frame, to infinitely 
varied conditions of existence. 

In the case of the Pterodactyle we have an 
extinct genus of the Order Saurians, in the class 
of Reptiles, (a class that now moves only on 
land or in the water), adapted by a peculiarity 
of structure to fly in the air. It will be interest- 
ing to see how the anterior extremity, which in 
the fore leg of the modern Lizard and Crocodiles 
is an organ of locomotion on land, became con- 
verted into a membraniferous wing; and how 
far the otlier parts of the body are modified so as 
to fit the entire animal machine for the func- 
tions of flight. The details of this enquiry will 
afford such striking examples of numerici^ agree- 
ment in the component bones of every limb, with 
those in the corresponding limbs of living 
Lizards, imd are at the smne time so illustiutive 
of contrivances for the adjustment of the same 
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organ to effect diffeieiit ends, that I shall select 
for examination a few points, from the long and 
beautiful analysis which Cuvier has given of the 
structure of this animal. 

The Pterodactyles are ranked by Cuvier 
among the most extraordinary of all the extinct 
animals that have come under his consideration ; 
and such as, if we saw them restored to life, 
would appear most strange, and most unlike to 
any thing that exists in the present world. — 
“ Ce sont incontestablement de tons les 6tres 
dont ce livre nous revele rancienne existence, les 
plus extraordinaires, et ceiix c|ui, si on les voyait 
vivans, paroitroient les plus etrangers k toute la 
nature actuelle.” (Cuv. Oss. Foss. Vol. V. Pt. 1 1 , 
p. a79.) 

We are already acquainted with eight spe- 
cies of this genus, varying from the size of a 
Snipe to that of a Cormorant.* 

In external form, these animals somewhat 
resemble our modern Bats and Vampires: 
most of them had the nose elongated, like the 
snout of a Crocodile, and armed with conical 


* In PI. ^l, l have given an engraving of the Pterodactyl us 
longirostris, which was first published by Collini, and formed the 
basis on which this genus was established* 

At PI. 22, O. is engraved the smallest known species, P. Bre* 
virostris, from Solenhofen, described by Professor Soemmering. 

A figure and description of a third species, P. macronyx, from 
the lias at Lyme Regis, have been published by myself^, (Gcol. 
Trans. Load, second series, Vol. 3, Pt. 1). Ibis species was 
about the size of a Raven, and its wings, when expanded, must 



224 


VlAmO MAURI AKS.« 


teeth. Their eyes were of enornoous size, appa- 
rently enabling them to fly by night From 
their wings projected fingers, tenninated by long 
hooks, like the curved claw on the thumb of the 
Bat. These must have formed a powerful paw, 
wherewith the animal was enabled to creep or 
climb, or suspend itself from trees. 

It is probable also that the Pterodactyles had 
tlie power of swimming, which is so common in 
reptiles, and which is now possessed by the 
Pteropus Pselaphon, or Vampire Bat of the 
island of Bonin. (See Zool. Journ. No. 16, p. 
456.) “ Thus, like Milton's fiend, all qualified 

for all services and all elements, the creature 
was a fit companion for the kindred reptiles that 
swarmed in the seas, or crawled on the shores of 
a turbulent planet. 

“ The Fiend, 

O’er bog, or steep, through strait, rough, dense, or rare. 
With head, bauds, wings, or feet, pursues his way. 

And swims, or sinks, or wades, or creeps, or flies.” 

Paradise Lost, Book II. line 947. 

With flocks of such-like creatures flying in the 

have been about four feet from tip to tip, A fourth species, P, 
crassiroatris, has been described by Professor Goldfuss. In PI, 
22, N. 1 have given a reduced copy of his plate of the specimen ; 
and in PI. 22, A. a copy of his restoration of the entire animal. 
Count Munster has described another species, P. medius. Cuvier 
descril^es some bones of a species, P. grandis, four times as 
as P. longirostris, which latt^ was about 4he size of a 
cock. Professor Goldfuss has il^icnbed it safOnth speCtei fr^ 
Solenhofen, P. Munsteri; and has proposed the name P. BhOkV 
landi, for the eighth undtSK^ribed species found at StonesMd. 
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air, and shoals of no less monstrous Iclilhyo- 
saiirt and Plesiosauri swaritiing in the ocean » 
and gigantic Crocodiles, and Tortoises crawling 
on the shores of the primseval lakes ainl rivers. 
liti sea, and land must have been stningely 
in these early periods of our infant 

As the most obvious feature of these fossil 
reptiles is the presence of organs of flight, it 
is natural to look for the peculiarities of the 
Bird or Bat, in the structure of their component 
bones. All attempts, however, to identify them 
with Birds are stopj>ed at once by the fact of 
their having teeth in the beak, resembling those 
of reptiles: the form of a single bone, the os 
quadratum, enabled C’nvior to pronounce at 
once that the creatun? was a Lizard : but a 
Lizard possessing wings exists not in the pre- 
sent creation, and is to be found only among tln^ 
Dragons of romance and heraldry;] while a 
moment’s comparison of the head and teeth 

* Geol. Trans. T.ond. N.R. Vol. 111. part. 1. 

t One diminutive livin;^ species of Lizard, (the Draco volans, 
see PI. 22, L.) differs from all other Saurians, in having an ap- 
pearance of imperfect wings, produced by a niembranous expan- 
sion of the skin over the false ribs which project almost horizon- 
tally from the back ; the membrane expanded by these false ribs, 
acts like a parachute to support the animal in leaping from tree 
to tree, but has no power to beat the air, or become an instrii- 
mmt M true flight, like tlie arm or wing of Birds and Bats ; the 
Atm W fore leg of the Draco volans differs not from that of 
common lixards. 

0.“ ’ * Q 
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with those of Bats (PI. 21, and PI. 22, M.) shows 
that the fossil animals in question canned be 
referred to that family of flying Mammalia. 

The vertebrae of the neck are much elongated, 
and are six or seven only in number, whereas 
they vary from nine to twenty-three in birds.* 
In birds the vertebrae of the back also vary 
from seven to eleven, wliUst in the Pterodactyles 
(here are newly twenty ; the ribs of the Ptero- 
dactyles are thin amd thread-shaped, like those 
of Lizards, those of birds are flat and broad, 
with a still broader recurrent apophysis, peculiar 
to them. In the foot of birds, the metatarsal 
bones are consolidated into one: in the Ptero- 
dactyles all the metatarsal bones are distinct ; 
the bones of the pelvis also differ widely from 
those of a bird, and resemble those of a Lizard ; 


* In one species of Pterodactyle, viz. the P. raacronyx, 
(ieol. Trans, n. s. V. iii. pi, 27, page 220, from the lias at Lyme 
Hegis, there is an unusual provision for giving support and 
movement to a large head at the extremity of a long neck, by 
the occurrence of bony tendons running parallel to the cervical 
vertebrm, like the tendons that pass along, the back of the 
Pigmy Musk (Moschus pygmtjeus,) and of many birds. This 
provision does not occur in any modem Lizards, whose necks are 
shorty and require no such aid to support the head. In the 
compensation which these tendons afforded for the weakness 
arising IVom the elongation of the neck, we have an examine of 
the same mechanism in an extinct order of the most antieht 
reptiles, which is still applied to strengthen other parts of the 
vertebral column* in a few existing species of mammalllt '|ii^ 
birds. , ; * 
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all these points of agreement, willi the type of 
Lizards, and of difference from the character of 
birds, leave no doubt as to the place in which 
the Pterodactyles must be ranged, among the 
Lizacd^f notwithstanding the approximation 
which the possession of wings seems to give 
them to Birds or Bats. 

The number and proportions of the bones in 
the fingers and toes in the Pterodactyle, require 
to be examined in some detail, as they afford 
coincidences with the bones in the correspond- 
ing parts of Lizards, from which important con- 
clusions may be derived. 

As an insulated fact, it may seem to be of 
little moment, whether a living Lizard or a fossil 
Pterodactyle, might have four or five joints in 
its fourth finger, or its fourth toe ; but those who 
have patience to examine the minutia; of this 
structure, will find in it an exemplification of 
the general principle, that things apparently 
minute and trifling in themselves, may acquire 
importance, when viewed in connexion with 
others, which, taken singly, appear equally 
insignificant. Minuti® of this kind, viewed in 
their conjoint relations to the parts and pro- 
portions of other animals, may illustrate points 
of high importance in physiology, and thereby 
become connected with the still higher conside- 
jratums of natural theology. If we examine the 
fore-lbot of the existing Lizards, (PI. 22, b.) we 
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find the nunil)er of joints regularly increasetl by 
the addition of one, as we proceed Irom the first 
finger, or thumb, which has two joints, to the 
third, in which there are four ; this is precisely 
the numerical arrangement which takes place in 
the three first fingers of the hand of the Ptero- 
dactyle; (PI. 22, c. i>. e. n. ol Figs. 30 — 38.) 
thus far the three first fingers of the fossil 
reptile agree in structure with those of the fore- 
foot of living Lizards ; but as the hand of the 
T*terodactyle was to be converted into an organ 
of flight, the joints of the fourth, or fifth finger 
were lengthened, to become expansors of a 
membranous wing.* 

• Thus in the P. Longirostris (PI. 21, 30 — 42.) and P. 
Brevirostris, (PI. 22, Fi^. O, 39 — 42,) the fourth fing^er w 
stated hy Cuvier to have four elonji^ated joints, and the fifth or 
ung;ual joint to be omitted, as its presence is unnecessary. 
Ill the P. Crassirostris, according to Goldfuss (PJ. 22, Figs, a, 
K,) this claw is present upon the fourth finger, (43) which thus 
has five bones, and the fifth finger is elongated to carry the wing. 
Throughout all these arrangements in the fore foot, the normal 
numbers of the type of Lizards are maintained. 

If, as appears from the st»ecimen engraved by Goldfuss, of 
P, Crassirostris, (PI, 22, n, 44, 45,) the fifth finger was elon- 
gated to expand the wing, we should infer from the normal 
number of joints in the fifth finger of Lizards being only three, 
that this wing finger had but three joints. In the fossil itself 
the two first joints only are preserved, so that his conjectural 
addition of a fourth joint to the fifth finger, in the restored 
figure, (PI, 22, a, 47,) seems inconsistent with the analogies«^ 
that pervade the structure of this, and of every other species %f 
Pterodartylc, us described by Cuvier. 
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As the bones in the wing of the Pterodactyle 
thus agree in number and proportion with those 
in the fore foot of the Lizard, so do tlicy dider 
entirely from the arrangement of t!ic bones 
whicli form the expansors of the wing of tlic 
Bat* 

The total number of toes in the Pterodactyles 
is usually four ; the exterior, or little toe, being 
deficient; if we compare the number and pro- 
portion of the joints in tliesc four toes with 
those of Lizards, (PI. 22, f, g, n, i,) we find the 
sigrcenieut as to number, to be not less perfect 
than it is in the fingers ; we have, iu each case, 
tw'o joints in the first, or great toe, three in the 
second, four in the third, and live in the fourth. 
As to proportion also, the penultimate joint is 
always the longest, and the ante|>euultimute, or 
last but two, the shortest ; these relative propor- 
tions are also precisely the same, as in the fc^et 
of Lizards-t The apparent use of this disposi- 


* The Bat, see PI. 2^, m, 30, 31, the first linger or tiuimb 
alone, is free, and applied to the purpose of suspension and 
creeping; the expansors of the wing are fornictl ])y the meta- 
carpal bones, (20— 29,) much elongated and terminated by the 
minute phalanges of the other four fingers, 32—45, tlius 
presenting an adaptation of the hand of the mammalia to the 
purposes of Hight, analogous to that which in the fossil world, 
the Pterodactyle afi'urds with respect to the hand of Lizards. 

t According to Goldfuss the P. Crassirostris had one more 
toe than Cuvier assigns to the other species of Pterodac- 
tylee; ill thi^ respect it is so fur from violating the unalogicfi 
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tion of the shortest joints in the iniddle of the 
toes of Lizards, is to give greater, power of 
flexion for bending round, and laying f^t bold 
on twigs and branches of trees of various di- 
mensions, or on inequalities of the surface of 
the ground or rocks, in the act of climbing, or 
running.* 

All these coincidences of number and pro- 
portion, can only have originated in a pre- 
meditated adaptation of each part to its pe- 
culiar office; they teach us to arrange an 
extinct animal under an existing family of rep- 
tiles ; and when we And so many other peculia- 
rities of this tribe in almost every bone of the 
skeleton of the Pterodactyle, with such modifi- 
cations, and such only as were necessary to fit 
it for the purposes of flight, w'e perceive unity 
of design pervading every part, and adapting to 
motion in tlie air, organs which in other genera 


we arc considering, that it adds another approximation to the 
character of the living Lizards; we have seen that it also 
diifers from the other Pierodactyles, in having the fifth, instead 
of the fourth finger elongated, to become the expansor of the 
wing. 

!t is however probable that the fifth toe had only three 
joints, for the. same reasons that are assigned respecting the 
number of joints in the fifth finger. In the P. Longirostrjs^ 
Cuvier considers the sinall bone, (Pi. 21, 5 , 6,) to be a rudi- 
mentary form of the fifth toe. 

* A similar numeriqd disposition prevails also in the toes ^ . 
birds, attended by similar advantages. 
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are calculated for progression on the ground, or 
in the water. 

If we compare the foot of the Pterodactyle 
with that of the Bat, (see PI. 22, k,) we aliall 
find that the Bat, like most other mammalia, 
has three joints in every toe, excepting the first, 
which has only two ; still these two, in the Bat, 
are equal in length to the three bones of tlie 
other toes, so that the five claws of its foot range 
in one strait line, forming altogether the, com- 
pound hook, by which the animal suspends itstdf 
in caves, with its head downwards, during its 
long periods of hybernation ; the weight of its 
body being, by this contrivance, equally divided 
between each of the ten toes. The unequal 
length of the toes of the Pterodactyle muk have 
rendered it almost inijwssible for its claws to 
range uniformly in line, like those of the Bat, 
and as no single claw could have snjiported for 
a long time the weight of the whole body, we 
may infer that the Pterodactyles did not suspend 
themselves after the manner of the Bats. The 
size and form of the foot, and also of the leg 
and thigh, show that they had the power of 
standing firmly on the ground, where, with 
their wings fedded, they possibly moved after 
the manner of birds; they could also perch 
on trees, and cKmb on rocks and cliffs, with 
^ir hind and fore feet, coiyointly, like Bats 

ahdLdzard^* 
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With rei^ard to their food, it has been conjec- 
tured by Cuvier, that they fed on insects, and 
from the magnitude of their eyes that they may 
also have been noctivagous. The presence of 
lai^e fossil Libellulie, or Dragon-flies, and 
many other insects, in the same lithographic 
quarries with the Pterodactylcs at Soleiihofen, 
and of the wings of coleopterous insects, mixed 
with bonea of Pterodactyles, in the oolitic slate 
of 'Btinesfield, near proves that lai^e 

insects existed at the saiiie thoe; wi^ them, ai^d 
may have contributed to their supply of food/' 
We know that many of the small^ Lizards of 
existing species are insectivorous; some are also 
carnivorous, and others omnivorous, but the 
head and teeth of two species of Pterodactyle, 
are so much hii^cr and stronger than is ne- 
cessary for the capture of insects, that the 
larger species of them may possibly have fed on 
fishes, darting upon them from the air after the 
manner of Sea Swallows and Solan Geese. 
Tlie enormous size and strength of the head and 
teeth of the P. Crassirostris, would not only 
have enabled iL to catch fish, but also to kill 
and devour the few small marsupial ihammalia 
which then existed upon the land. 

The entire range of ancient anatomy, affords 
few nioi-e striking examples of the uniformity of 
the laws, which connect the extinct animals of 
the fossil creation with existing organized beings, ' 
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tiiaii tlidse we have been examining in tiie caw^ 
of the Pterodactyle. Wc find the details of 
parts which, from their minuteness should 
seem insignificant, acquiring great importance 
in such an investigation sis we are now conduct- 
ing ; they shew not less distinctly, than the co- 
lossal limbs of the most gigantic quadrupeds, a 
numerical coincidence, and a concurrence ol 
proportions, which it seems impossible to refer 
to tlie effect : of a^idjs&t ; and which jKunt 
out unity of :furpoflU, and ^deliberate design, in 
8(^ intel%ent First Cause, from which they 
were aU dSiiyed. We have seen that whil^ all 
the laws of existing organwatiou in the order of 
Lizards, are rigidly maintained in the Pterodac- 
tyles; still, as Lizards modified to move like 
birds and Bats in the air, they received, in 
each part of their frame, a perfect adaptation to 
their state. We have dwelt more at length on 
the minuti® of their mechanism, because they 
convey us back into ages so exceedingly remote, 
and show that even in those distant ems, the 
same care of a common Creator, which wc wit- 
ness in the mechanism of our own bodies, and 
those of &e myriads of inferior creatures that 
move around us, was extended to the structure of 
creatures, that at first sight seem made up only 
of monstrosities. 
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SECTION IX. 


The Megalosaurus, as its name implies, was a 
Lizard, of great size, of which, although no 
sl^eleton h^ yet b^n /found entire, so many 
peifeet bones and t^tl^ discovet^^^ 

in the same quarries, tMk ¥6 ttne pjcarly as n^lf 
aj^uainted with the f<^ip .difnensions < of 

its li{nbs„ as if they i^ad been found togethpj- 
in a single block of stone.* 

From the siz^ and proportions of these bones, 
as compiared with existing Lizards, Cuvier 
concludes the Megalosaurus to have been an 
enormous reptile, measuring from forty to fifty 
feet in length, and partaking of the structure of 
the Crocodile and the Monitor. , 


• This genus was established by J^ Author* iii ^ Memoir, 
published in the Geol. Trans, of London, (Vol. 1., N. S. Pt. 
1824), and was f unded upon specim^S 4isooveied in ttie 
t^litic slate of Stonasfield, near Oxford^ the pla^is in whbh 
these bones have as yet chiefly occurr^. Mr. Mnntell has 
discovered remains of the same animal in Hie Wealden fresh-Water 
formation of Tilgate Forest ; and from this circumstance we tnfhr 
that it existed during the deposition of the etitire series of bolitic 
strata. The author, in 1826, saw firagtnehts of a jaw, containing 
teeth, and of some other bones of Megalosaurus, iti the museum? 
at Besan^on, from the oolite of jfliat neighbourhood. 
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As the femur and tibia measure nearly three 
feet each, the entire hind leg must have attained 
a length of nearly two yards: a metatarsal 
bone, thirteen inches long, indicates a corres- 
ponding length in the foot.* The bones of 
the thigh and leg are not solid at the centre, 
as in Crocodiles, and other aquatic quadrupeds, 
but have large medullary cavities, like the 
bones of terrestrial animals. We learn from 
this circumsthnee, added to the character -of 
ftq foot, that the Meg^Oisaurus lived cfiiefly 

^ ‘t¥ the ^ndition of these fossil bbnes, 

we see the lame adaptatW of the skdletbn to 
its proper dement, which now distinguishes the 
bones of terrestrial, from those of aquatic Sau- 
rians.t lit the Ichthyosauri and Plesiosauri, 
whose paddles were calculated exclusively to 
move in water, even the largest bones of the 
arms and legs were solid throughout. Their 
weight would in no way have embarrassed their 
action in the fluid u^ium they inhabited ; but in 
the huge Megalosi^us, and still more gigantic 
Iguanodon, nf^ich su*e shown by the character of 
their feet. to have been fitted to move on land, 

the largmr 'bones of the legs were diminished 

..■■,4:,/ y.-\ 

Geol. Tran*. 2od «!rie», Vol. 3, p. 427, PI. 41 . 
t Tlearn from Mr. 0«f«n that the long bone* of land Tor- 
toise* have a close cancellou* internal structure, but not a me- 
dullary cavity.’ , , , . . . 



med^l^y caWtie* in tl»c fosail bones of MegalOsanrus, 
froin Stonesfiei4« we nsually filled with ealcareous i^. In the 
Oxford Museum there is a specimen from the Wealden fresh- 
wakr formation at Langton, near Tunbridge Wells, which is 
perhaps unique amongst organic trains : it presents the curio^ 
fact of a perfect cast of the interior of a large bone, apph^ 
rently tiie femur of a Megalosaurus, exhibiting the exact form 
and ramifications of the marrow, whilst the bone itself has 
entirely perished. Tire substance of this cast is fine sand, 
cemented l)y oxide of iron, and its form distinctly represents 
all the minute reticulations, with which the marrow filled the 
intercolumniations of the cancelli, near the extremity of the 
bone. It cxliibits also casts of the perforations along the 
internal parietes, whereby the vessels entered obliquely from 
tlie exterior of the bone, to communicate with the marrow. 
A mould of the exterior of the same bone has been also formed 
by the sandstone in which it was imbedded : hence, although the 
bone itself has perished, we have precise representations both of 
its external form and internal cavities, and a model of the mar- 
row that filled this femur, nearly as per^t as could ib^ made by 
pouring wax into an empty marrow-t^na, and t^rrs^lng away 
the bone with acid. The sand which formed this cast must have 
entered the medullary ''avity by a fracture across tlhe other ex- 
tremity of the bone, which was wanting In the specimen. 

From this natural preparation of auciant anatcmiy we learn 
that the disposition of marrow, and its connection with the;^t^ 
i'ulatcd extremities of the interior of tlie femur, were the S8^& in 
these gigantic Lizards of a former wolid, as in meduUar^ Cavi- 
ties of existing species. V 
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saiirns to have been in a high degree carni- 
vorous : it i^bably fed on smaller reptiles, 
such at Crocodiles and Tort<»^, whose re- 
mains ahoned in the samc ftrota with its tninei. 
It ihayl^‘|ff#ethkea% ilke wa^ pursuit of 
Plestoshini fUid ^hetfi* f v 
^ pwt. ;df 

sauras yiM ^und^^eteists of a fraghient of the 
lower jaw; ctuntai^g many teeth, (PI. 23, 
Figs. 1'— -2'), Tha f«3n of this jaw shows that 
head was tenninated by a straight and 
hai^w snout, compressed laterally like that of 
the Delpliinns Gangeticus. 

As in all animals, the jaws and teetli form 
the most characteristic parts, I shall limit ray 
present observations to a few striking circum- 
stances in the dentition of the Mcgalosaurus. 
From these we learn that the animal was a 
reptile, closely allied to some of our moilern 
Lizards; and viewing the teeth as instnunents 
for providing food to a carnivorous creature of 
enormous magnitude, they appear to have been 
adrairobly adapted to tlm destnictivc office for 
which they;’ were designed. Their form and 

^ Mf. mfbrms me that a living Iguana (I, Tubcrcu- 

in the gardens of the Zoologieal Society of London, in flic 
sumijir of 18 M, was observed frequently to enter the water, and 
. siip|iiiaeross a small using its long tail as the instrument of 
progression, and keaf^g its fore feet motionless. 



3^6 oiamtiTic Iavkiams. 

iGUMiian^ViU best be 

io tb^ figtireS in PI* 43^.* ’ r ' ' 5 . * 

In the sfir^M^ve df ’ ihhiitk teedff 2S, 
Pigs. 1, 3, 3), ite ot 

mecltfltiical contrivances uialogoos ie Idbose 
which are adopted in the constracrion of the 
khife, the sabre, and the saw. When first pro- 
truded above the gnm, (PI. 23, Figs. 1'. 2'.) the 
apex of each tooth presented a double cutting 
edge of serrated enamd. In this stage, its 
position and line of action were nearly vertical, 
and its form like that of the twO«dged point 
of a sabre, cutting equally on «ich side. As 
the tooth advanced in growth, it became curved 


• The outer margin of the jaw (PI. 23, Fig V. 2'.) rises 
noaily an inch above its inner margin, forming a continuous la- 
teral paidpet to support the teeth on the exterior side, where the 
greatest support was necessary ; whilst the inner margin (PI. 23, 
Fig. 1 ) thiows up a series of triangular plates of bone, forming 
a /*ig-*/Rg buttress along the interioi of the alveoli. From the 
centre of each triangular plate, a bony partition erostos to the 
outer paiapct, thus completing the successive alveob, Tfef new 
teeth aie seen in the angle between each triaii|{u|i^ piate* rising 
in reserve to supply the loss Of the older tee(b, m often as pro- 
gressive growth, or accidental fraclute, may fOddfOr seoewol 

necessary ; and thus afibrdikig an exubetipt 0 rapid 

succession and restoration of these moel l^pj^ents. 

They were formed in distinct cavities^ by loetli* 

towards the interior surface of the 

them by the usual process of OOt 0%#!^^ : "htiiuiSil. 

ing themselves into the eavitibfl Tbia eonbri* 

vance for the renewal of teeth ii %t tvbich 

takes place in the dentitton of meUy 
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bMicf^Ktds, in oi ft ’PfW»m itiufet 

(PL 33. 1^^ 1. 3. #r). aii4 e^ge «f tem^ 

eii«t^fm dprnwMr^ to thoilwa# of 

Ae imier «o4 cutting aide nf the tooth, (!P%« 

B. D.), irhiist, on the ouher side, a sinulnr 
edge descended, but to a diort distance from the 
point (Fig. 1, B. to C.}, and the convex portion 
of the tooth (A.) became blunt and thick, as the 
back of a knife is made thick, for the purpose 
of producing strength. The strength of the 
tooth was further increased by the expansion 
of its sides, (as represented in tlie transverse 
seption, Fig. 4, A. D). Had the serrature 
continued along the whole of the blunt and 
convex portion of the tooth, it would, in this 
position, have possessed no useful cutting power; 
it ceased precisely at the point (C.), lieyoud 
which it could no longer be effective. In a 
tooth thus formed for cutting along its concave 
edge, each movement of tlic jaw combined the 
powmr of the knife and saw ; whilst the apex, 
in making the first incision, acted like the two> 
edged a sabre. The backward curva- 
ture teeth, enabled them to 

retaifi* which they had 

adaptations, we see con- 
tritfn^eiO ingenuity has also 

adopledi^ of various instru- 

nic»tsofatt5.^«''^<; , 

CCh. Xin.) I endea- 
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voured.U) show that the eatablbhment of carnt- 
TOtaus races throughout tb^ animal kingdom 
tends materially to diminish th^ aggregate 
amount of animal suffering. The provision of 
teeth and jaws, adapted to effect the work of 
death most speedily, is highly subsidiary to the 
accomplishinerit of this desirable end. We act 
ourselves on this conviction, under the impulse 
of pure huiiianity, wlicn we provide the most 
efficient instruments to produce the instantane- 
ous, and most easy death, of the innumerable 
animals that are daily slaughtered for the sup- 
ply of human food. 


snCTlON X 
IGUANOnON.* 

As the reptiles hitherto considered appear from 
their teeth to have been carnivorous, so we find 
extinct spc'cies of the same great family, that 
assumed the cliaructer and office of h^rbivora. 
For our knowledge of this genus, we are in- 
debted to the scientific researches of Man- 
tel!. This indefatigable histodim!i the Weal- 
den fresh-water formation, hm mAy fmiiwi 

• See PI. I. Fig. 45, imd lllHMut#’* Of . 

Sussex, and of the South-east of i 
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the ramains the Pksiosaurus, M^igaioaaurus, 
Hylaeosavuras,* ao^ several species of Cro- 
co^tes and Tortoises in these deposits, of a 
period intermediate between tlie oolitic and 
cretaceons series, but has also discovered in 
Tiigate Forest the remains of the Ignanodon, 
a reptile much more gigantic than the Mega* 
losanrus, and which, from the character of its 
teeth, appears to have been herbivorous. | The 
teeth of Uie Iguanodon are so preci.sely similar, 
in the principles of their construction, to the 
teeth of the modem Iguana, as to leave no 

• The H^leeosaurus, or Lifurd of the Weald, was discovcicd 
in Tiigate Fore^.t, in Sussex, in 18.12. This cxtraoidmary Luard 
was probably about twenty-five feet long. Its most peculiai cha- 
racter consists in the remains of a scries of long, flat, and pointed 
bones, which seems to have formed an enormous dermal fiinge, 
like the horny opines on the back of the motlcin Jgu ina These 
bones vary m length fiom five to seventeen indus, and in width 
from t^iree to se^cn inches and a half at the bane, 'logethcr 
with them were found the remains of large dermal bones, or thick 
scales, which were probably lodged m the skm 

t The Iguanodon has hitherto been found only, with owe ex- 
ceptiQU^ m the Wealdeu fresh- water formation of the south of 
England^ (I*!. I, 22.), intermediate between the marine 
oolitic ^ the Portland stone and those of the green- 

aand ^ cretaceous senes. The discovery, m 

1834, (PhS. 1834, p. 77), of a large propoi- 

tioit of Ae ^ of these animals, in strata of the 

latter of Kentish Rag, near Maid- 

stone, lihewi li^et 4oriitidn of this animal did not cease with 
the O0t»pletiott t* ^Vealden series. The induiduai from 
which this im hod probably been drifted to sea, 

as those itiyN&IIIIMed hones found in the fresh- water depo- 




243 OIOANTIC. TERRESTRIAL SAU RIANS. 

4piibt «f tbe near coDii|edtioo, of ^is i|»OBt gi- 
ig^ntic extinct rutile with the of 4^ttr 

own time. When we consider tbtd %gest 
living Iguana rarely exceeds five fed: in length, 
whilst the congdierous fossil animal must have 
l>een nearly twelve times as long, we cannot 
but be impressed by the discovery of a resem- 
blance, amounting almost to identity, between 
such characteristic organs as the teeth, in one 
of the most enormous among the extinct reptiles 
of the fossil world, and those of a genus whose 
largest species is comparatively so diminutive. 
According to Cuvier, the common Iguana in- 
habits all the warm regions of America : it 
lives chiefly upon trees, eating fruits, and seeds, 
and leaves. The female occasionally visits the 
water, for the purpose of laying in the sand 
its eggs, which are about the size of those of a 
pigeon.* 

sits subjacent to this marine formation, had been drifted into an 
estuary. This unique skeleton is now in the museum of Mr. 
Mantell, and confirms nearly all his conjectures respectinj^ 
the many insulated bones which he had referred to the Igua- 
nodon. ^ 

• In the Appendix to a paper in the GeoL ^Traa** t^i^* (N. 8. 
Vol. III. Pt. 3) on the fossil bones of the IgaaoodOtt^ in 
the Isle of Wight and Isle of Purbecit, I iMpI nmdbsdl 
following facts, illostratire of the hwdiInMtom the ttving 

Iguana. * \ 

In the epring of 1829, “ Mr. W. BndwC 
Iguana, about two feet long, in g b^ones MiOePa anr* 

sf ry gardens, near Bristol It had d^Fliseil m>iiK^aaaa(a.«iiid 
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M the mod^fti Igiieini is found ^iy*^tn the 
^attneat regions of the present earth, we may 
reasonably infer that a similar, if not a still 
warm^ climate, prevailed at the time when so 
huge a lizard as the Iguanodon inhabited what 
are now the temperate regions of the southern 
coasts of England. We know from the frag- 
ment of a femur, in tlie collection of Mr. 
Manteli, that the thigh-bone of this reptile 
much exceeded in bulk that of the largest 
Elephant : this fragment presents a circumfe- 
rence of twenty-two inches in its smallest part, 
and the entire length must have been between 
four and five feet. Comparing tlie proportions of 
this monstrous bone with those of the fossil teeth 
with which it is associated, it appears that they 
bear to one another nearly the same ratio that 
the femur of the Iguana bears to the similarly 
constructed and peculiar teeth of that animah* 


other kinds of animal food, until hapjicnuig to be near some 
kidney*beaii plants that were m the house for forcing, it began 
to eat of their leaves, and was from that time foith supplied from 
these pUsts.** In 1828, Captain Belcher found, in the island of 
Isabella, esraems of Iguanas, that appeared omnivoiotis; they 
fed voradoosty on Cia eggs of birds, and the intestines ot fowls 
and ins||}|8« 

» of the bones of the Iguanodon 

whh thosi igdnita# tnude by taking an average from the 
proppftioiis bones from eight separate parts of the 

rei^^edttVe Manteli has amved at these dimensions 

iui Ipeasares of the foBowiOg parts of this 
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It has been stated, in the preceding section, 
that the large medullary cavities id the femur 
of the Tgtianodon, and the form of the bones of 
the feet, show that this animal, like the Megalo- 
saurus, was constructed to move on land. 

A further analogy between the extinct fossil 
and the recent Iguana is offered by the presence 
in both of a horn of bone upon the nose, (PI. 24, 
Fig. 14). The concurrence of peculiarities so 
remarkable as the union of this nasal horn with 
a inode*of dentition of which there is no ex- 
ample, except in the Iguanas, affords one of 
the many proofs of the universality of the laws 
of co*exist(‘iKe, which prevailed no less con- 
stantly throughout Ilu‘ extinct genera and spe- 
cies of the fossil world, than tiny do among the 
living iiu'rnbers of the animal kingdom. 


r<*et. 

from snout to tb(‘ ovliomity of tlie tail. ... 70 

T.cnglh o( tail 52J 

CircumfenMK't* ol body 14 J 

Mr. Mantcll cab nlatcs the femur of the l^uanodon to bo twenty 
times the si/o uf tb.it of u modtrn Iguana; but as animals do 
not iiinoaso m length in the same ratio as in bulk, it does not 
follow that the lunaiuMlon attained the enormous length of one 
buiidrcd feet, altboiiub it appioaobed perhaps nearly seventy 


As tin* Iguanodon, from its enormous bulk, tniist Imve been 
unable to mount on trct's, it could not have appKeddts tail to the 
same purpose as the Iguana, to assist in tbn lon- 

gitudinal diameter of its caudal vertebrie is mu^ less in propor- 
tion than in the Iguana, and shews the entire to have been 
comparatively shorter. 
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Teeth. 

As the teeth are the luont characteristic and 
important parts of the animal, 1 shall eudeavour 
to extract from them evidence of dosij^n, both 
in their construction and mode of renewal, and 
aKo in their adaptation to the odice of consum- 
ing vegetables, in a manner peculiar to them- 
selves. They are not lodged in distinct soc kets, 
like the teeth of Crocodile's, but fixed, as in 
Lizards, along the internal face of the dc'utal 
bone, to which they adhere by one side ol’ the 
bony substance of their root. (PI. 24, Fig. 1.1.) 

The teeth of most herbivorous ([uadrupeds, 
(exclusively of the defensive tusks), are divided 
into two classes of distinct othec, viz. incisors 
and molars ; the former destined to collect and 
sever vegetable snbstanec's from the ground, or 
from the parent plant; the laller to grind and 
masticate them on tlnir way towards the sto- 
mach. The living Iguanas, which arc in 
great part herbivorous, afford a striking excc'p- 
tion to this economy : as their teeth are little 
fitted grinding, they transmit tlieir food very 
slightly comminuted into the stomach. 

Our giant Iguanodou, also, hud teeth n'sem- 
bling those’^ the Iguana, and of so herbivorous a 
character, tMt at first sight tlicy were supposed 
by Cuvier i^be the teeth of a Rhinoceros. 
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Tte examination of these teeth will to 

the discovery of remarkable contrivancee^ adapt- 
ing them to the function of cropping ^ngb ve- 
getable food, such as the Clatfararia* and similar 
plants, which are found buried with the Igua- 
nodon, might have afforded. We know the form 
and power of iron pincers to gripe and tear 
nails from tiieir lodgment in wood : a still more 
powerful kind of pincers, or nippers, is con- 
structed for the purpose of cutting wire, which 
yields to them nearly as readily as thread to a 
pair of scissors. Our figures (PI. 24, Figs. 6, 
7, 8, 12) show the place of the cutting edges, 
and form of curvature, and points of enlargement 
and contraction, in the teeth of the Iguanodon, 
to be nearly the same as in the corresponding 
parts of these j)owerful metallic tools; and the 
mechanical advantages of such teeth, as in- 
struments for tearing and c'utting, must have 
been similar.* 

The teeth exhibit also tM^o kinds of provisions 
to maintain sharp edges along the cutting 
surface, from their first protrusion, until they 
were worn down to the very stuuip. The first 

* Fijr. represents the front of a young tooth; aii4 Figs. 5, 
6, 7, 8, the front of four other teeth, thrown slightly into profile. 
In all of these we recognise a near approach to f^|a of the 
nipping pincers, witli a sharp cutting edge at margin of 

the enamel. The enamel is here expressed hj lines, which 
represent its actual structure : it if placed like the 
I in.friittnt of the incisoi^ of Rodentia. 
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of these is a sharp and serrated edge, extending 
on each side downwards, from the point to the 
broadest portion of the body of the tooth. (See 
Figs. 1 , 2, 6 , a, 12, fee.) 

The second provision is one of compensation 
for the gradual destruction of this serrated edge, 
by substituting a plate of thin enamel, to 
maintain a cutting power in the anterior portion 
of the tooth, until its entire substance was con- 
sumed in service.* 

Whilst the crown of tJie tootli was thus gra- 
dually diminislnng above, a simultaneous ab- 
sorption of tlie root went on below, caused by 
the pressure of a new tootli rising to replace the 
old one, until by this continual consumption at 
both extremities, the middle portion of the older 
tooth was reduced to a hollow stump, (Figs. 10, 
11), which fell from the jaw to make room for a 


* This perpetual edp^c resulted from the enamel being placed 
only on the front of the tooth, like that on the incisors of Ro- 
dentia. As the softer material of the tooth itself must have worn 
away more readily than this enamel, and most readily at the pari 
remotest from it, an oblique section of the erown w'as thus perpe- 
tually tnaintained, with a sharp cutting edge in front, like that of 
the nippers. (See Figs. 7. 8. 1*2.) 

The younger tooth, (Fig. 1), when first protruded, was lancet- 
shaped/ with a serrated edge, extending on each side downwards, 
from the |K>mt to its broadest portion, as in the living Iguana. 
(PL in, and Fig. 4.) This serrature ceased at the broadest 
dtameiei^ef itut tooth, i. e. precisely at the line, below which, bad 
they heen ^ii^i^ntied, they would have had no effect in cutting. 
(PI. 24.'j^M||l S. 9. 12.) “ As these saws were gradually worn 
away, the'^wrog jiower was transfeited tt> the enamel iofrdnt, 
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more efficient successor.* In this last ^tage the 
form of the tooth had entirely changed, and the 
crown had become flat, like the crown of worn- 
out human incisors, and capable of performing 
imperfect mastication after the cutting powers 
bad diminished. There is, 1 believe, no other 
sample of teeth which possess the same me^ 
chaaical advantages as instruments of ciitting 
and tearing portions of vegetable matter from 
tough and rigid plants. In this curious pi^e 
of animal mechanism, we find a varied adjust- 
ment of all parts and proportions of the tooth, 
to the exercise of peculiar functions ; attended 
by compensations adapted to shifting conditions 
of the instrument, during different stages of its 


and here we 6 ikI a provision of another kind to give efficacy and 
strength. The front was traversed longitudinally by alternate 
ridges and furrows, (PI. 24, Figs. 2, 5, fJ, 7, 8), the ridges 
serving as ril)s or buttresses to strengthen and prevent the 
enamel from scaling off, and forming, together with the furrows, 
an edge slightly wavy, and disposed in a series of minute googes, 
or fluted chisels ; hence the tooth became an instrument of greater 
power to cut tough vegetables under the action of the jaw, than 
if the enamel had been in a continuous straight line. By these 
contrivances, also it continued eflective during every stage 
through which it passed from the serrated laucet-poiut of the 
new tooth, (Fig. 1), to its final consumption. (Fig. 10, 11.) 

* In PI. 24, Fig. 1 3, the jaw of a recent Iguana exhibits the 
commencement of this process, and a number of young teeth are 
seen forcing their way upwards, and causing absorption at the 
base of the older teeth. Figs. 10, 1 1 , exhibit the effect of simi- 
lar absorption upon the residuary stump of the fossil tooth of an 
Iguanodon. 
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consumption. And we must estimate the works 
of nature by a different standard from that which 
we apply to the productions of human art, if 
wetjan view such examples of mechanical con- 
trivance, united with so much economy of ex- 
penditure, and with such anticipated adaptations 
to varying conditions in. their application, with- 
out feeling a profound conviction that all this 
adjus^nent has resulted from design and high 
intelligence. 


SECTION XL 

AMPHIBIOUS SAUKIANS ALLIKI) TO CKOCODILKS. 

The fossil reptiles of the Crocodilean family do 
not deviate sufficiently from living genera, to 
require any description of peculiar and discon- 
tinued contrivances, like those we have seen in 
the Ichthyosaurus, Plesiosaurus, and Pterodac- 
tyle ; but their occurrence in a fossil state is of 
high importance, as it shows that whilst many 
forms of vertebrated animals have one after ano- 
ther been created, and become extinct, during 
the successive geological changes of the surface 
of our ^be ; there, are others which have sur- 
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^#MI iffl ihe^ artid re¥i4titiaiiii; still 

IsMn the leading featu^ und^ifrhi^^yttlfet 
^ypear^ . ' nt^ i 

- If we look to the irtate of^the eaitb/ and the 
character of its population, at the time when 
Crocodilean forms were first added to the num- 
ber of its inhabitants, we find that the highest 
class of living beings were reptiles, and that 
the only other vertebrated animals which then 
existed were fishes ; the carnivorous reptiles at 
this early period must therefore have fed chiefly 
upon them, and if in the existing family of 
Crocodiles there be any, that are in a peculiar 
degree piscivorouR, their form is that we should 
expect to find in those most ancient fossil genera, 
whose chief supply of food must have been de- 
rived from fishes. 

In the living sub-genera of the Crocodilean 
family, we see the elongated and slender beak 
of the Gavial of the Ganges, constructed to feed 
on fishes ; wliilst the shorter and stronger snout 
of the broad-nosed Crocodiles and Alligators 
gives them the power of seizing and devouring 
quadrupeds, that come to the banks of rivers 
in hot countries to drink. As there were scarcely 
any mammalia during the secondary periods, 
whilst the waters were abundantly stored with 


• The small Opossums in the oolite* formation at Stonesfield, 
near Oxford, are the only land mammalia whose bones have 
been yet discoveied m any strata more ancient than the tertiary. 
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nwist seaiiy have resembled tli« modem iNl^< 
And <▼6 have hitherto found <mly those gffk<^ 
which have elongated beaks, in formationa tn* 
terior to, and including the chalk ; whilst true 
Crocodiles, with a short and broad snout, like 
that of the Cayman and the Alligator, appear 
for the first time in strata of tlie tertiary periods, 
in which the remains of mammalia abound.* 

During these grand i>rriofls of lacustrine 
mammalia, in which but few of the present 
genera of terrestrial carnivora had been called 
into existence, the important office of controlling 
the excessive increase of the aquatic herbivora 
appears to have been consigned to the Croco- 
diles, whose habits fitted them, in a peculiar 
degree, for such a service. Thus, the past his- 
tory of the Crocodilean tribe presents another 
example of the well regulated workings of a 

* Olio of these, found by Mi. Spencer in the I^>ndon clay of 
the Isle of Sheppy, is engraved, PI. 25', Fig 1. Crocodiles of 
this kind have been found m the chalk of Meudon, in the 
plastic clay of Auleuil, in the I/jiidon clay, in the gypsum of 
Mont Maitre, and in the lignites of Pro^eIlce. 

The modern broad-nosed CVocodileans, though they have the 
ppwer to capture mammalia, are not limited to this kind of prey ; 
they feed largely also on hshes, and occasionally on birds. This 
omnivorous character of the existing Crocodilean family, seems 
adapted to the present general diffusion of more vaned kinds of 
food, than existed when the only form of the beak in this family 
was fitted, like that of the Gavial. to feed chiefly on Fishes. 
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cffiDBiilent plan in the economy of animated 
nature, which eadi . individual, whilst 

fidlou^ig ite own instinct, and pimni^ its 

pwn goodv is fnstrumenti^ prmn^ng the 

genMil w^&re of the whole family' of its co- 
temporaries. 

Cuvier observes, that the presence of Ofoco- 
dilean reptiles, which are usually inhabitants of 
fresh water, in various beds, loaded with the 
remains of other reptiles and shells that are 
decidedly marine, and the further fact of their 
being, in many cases, accompanied by fresh- 
water Tortoises, shows that there must have 
existed dry land, watered by rivers, in the early 
periods when these strata were deposited, and 
long before the formation of the lacvistrine ter- 
tiary strata of the neighbourhood of Paris.** 
The living species of tlm Crocodile family are 
twelve in number, namely, one Gavial, eight 
true Crocodiles, and three Alligators. There are 
also many fossil species: no less than six of 
these have been made out by Cuvier, aud several 


* M. Geoffrey St, Hilaire has arranged the fossil Saurians 

with long and narrow beaks, like that of the Gavial, under the 
two new genera, 'i eleosaurus and Steueosaurus. In the Teleo- 
saurus, (PI. 25', Fig. 2.) the nostrils form almost a vertical 
section of the anterior extremity of the beak ; in the Steiieo- 
saurus, (PI. 25', Fig. 3.) this anterior termination of the nasal 
canal had nearly the same arrangement as in the Gavial, opening 
upwards, and being almost scmi-circular on each side. — Recher- 
ches sur les grands Bauriens, 1831 . 
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Others, from the secondaiy and tertlaiy jPorma^ 
tions in England remain to be de8C#i|^;* > 

It wflUdd be foreign to oiur to 

entmr mto a mpute cttaimrison 
of living and fossil genera and species of:^t8 
family. We may simply observe, with respect 
to their similar manner of dentition, that they 
all present the same examples of provision for 
extraordinary expenditure of teeth, by an un- 
usually abundant store of these most essential 
organs, t As Crocodiles increase to no less 
than four hundred times their original bulk, 

* One of the finest specimens of Telcosauri yet tliseo- 
vered, (see PI. 25, Fig, 1), was fouinl in the year 1824, in the 
alum shale of the lias formation at Saltwick, near Wliithy, and 
is engraved in Young and Bird’s Geological Survey of the York- 
shire Coast, ‘2d Ed. 1828 : its entire length is about eighteen feel, 
the breadth of the head twelve inches, the snout was long and 
slender, as in the Gavial, the teeth, one hundred and forty in 
number, arc all small and slender, and placed in nearly a stmight 
line. The heads of two other individuals of the same gpecics, 
found near Whitby, are represented in the same plate, Figs. ‘2. .’h 

Some of the ungual phalanges, which are. preserved on the hind 
feet of this animal. Fig. 1, show that tln^sc extrcinities were ter- 
minated by long and sharp claws, adapted for motion upon land, 
from which we may infer that the animal was not exclusively 
marine; from the nature of tin* shells with whieh they are asso- 
ciated, in tlie lias and oolite formations, it is probable that both 
tdie Steneosaurus and Teloosuurus freijuented shallow seas* Mr. 
Lyeli states that the larger Alligator of the Ganges sometimes 
descends beyond the brackish water of the delta into the sea. 

t Ibis mode of dentition has been already excmpliOed in 
speaking of the dentilioii of the Ichthyosaurus, P. 1/2, and 
PI. 11. A, 



h f9hi(^ ttey Itoiwl^ egg 
«Mtiteir AiU nUiturif^^^ fjbey 
a mere fre<|aexit ^accession ef teeth *$faiii the 
mammalia, m order to maintain a duly pxopor* 
tioned supply during every period of their life. 
As the predaceous habits of these animals cause 
their teeth, placed in so long a jaw, to be pe- 
culiarly liable to destruction, the same provi- 
sion serves also to renew the losses which must 
often he occasioned by accidental fracture. 

Tlje existence of these remedial forces, thus 
uniformly adapted to supply anticipated wants, 
and to repair foreseen injuries, affords an ex- 
ample of those supplementary contrivances, 
which give double strength to the argument 
from design, in proof of the agency of Intelli- 
gence, in the construction and renovation of 
the uiiimul machinery wherein such contri- 
vances are introduced. 

The discovery of CVocodilean forms so nearly 
allied to the living Gavial, in the same early 
strata tlial contains the tirst traces of the Ich- 
thyosaurus and the Plesiosaurus, is a fact which 
seems wholly at variance with every theory that 
would derive the race of Crocodiles from Ichthy- 
osauri and Plesiosauri, by any process of gradual 
transmutation or developement. The first ap- 
pearance of all these three families of reptiles 
seems to have been nearly simultaneous; and 
they ali Continued to exist together until the ter- 
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misatioD ‘ 

IdithywMttri «Dd 

and fonpas of Crocodilest t» tibo 

CkyniWB and Ute AlUgator, were for the fintt 
time intrpduced. 


SECTION Xfl. 

FOSSIL TORTOISL8, OR TFSTUDINATA. 

Among the existing aiiiinal population of the 
warmer regions of the earth, there is an exten- 
sive order of reptiles, comprehended by Cuvier 
under the name of Cheloniuns, or Tortoises. 
These are subdivided into four distinct families ; 
one inhabiting salt >\ater, two others fresh water 
lakes and rivers, and a fourth living entirely 
upon the land. One of the* most striking cha- 
racters of this Order consists in the provision 
that is made for the defence of creatures, whose 
movements are usually slow’ and torpid, by in- 
closing the body within a double shield or cui- 
rass, formed by the expansion of the vertebrae, 
ribs and sternum, into a broad bony case. 

The small European Tortoise, Testiido Ora^ca, 
and the eatable Turtle, ('helonia Mydas, are 
familiar examples of this peculiar arrangement 
both in terrestrial and aquatic reptiles ; in each 
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case the shield aflfords compensaticm for the 
want of rapidity of motion to animals that have 
no ready means of escape by flight or conceal- 
ment from their enemies* We learn from Geo- 
logy that this Order began to exist nearly at the 
same time with the Order of Saurians, and has 
continued coextensively with them through the 
secondary and tertiary formations, unto the pre- 
sent time : their fossil remains present also the 
same threefold divisions that exist among mo- 
dern Testudinata, into groups respectively adap- 
ted to live in salt and fresh water, and upon the 
land. 

Auinials of tliis Order have yet been found 
only in strata more reecnt than the carboniferous 
series.* The earliest example recorded by Cu- 
vier, (Oss. I 'oss. Vol. o, l^t, 2, p. 525), is that of a 
very large species of Sea Turtle, the shell of 
M hieh was eight feet long, occurring in the Mus- 
ehelkalk at lAiucvillo. Another marine species 
has been found at Glaris, in slate referrible to 
the low er cretaceous formation. A third occurs 
in the upper cretaceous freestone at Maestricht. 
All these are associated with the remains of other 
animals that are marine; and though they differ 
both fmiu living Turtles and from one another^ 
they still exhibit sucJi general accordance in 

* The fragment from the Caithness slate, engraved in the Geol. 
Trans. Loud. V, iii. IM. 16, Fig. 6, as |K)rtioa8 of a trionyx, is 
pronoiUkced by M. Agassi/, to be part of a fish. 
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the principles of their construction^ with the 
conditions by which existing Turtles are fitted 
for their marine abode, that Cuvier was at once 
enabled to pronounce tliese fossil sjwicies to have 
been indubitably inhabitants of the sea,^ 

The genera Trioiiyx and Eniys, present their 
fossil species in the Wealdoii freshwater forma- 
tions of the Secondary stories; and still more 
abundantly in tlic Tertiary lacMistrine deposits ; 
all these appear to liavi' lived and died, under 
circumstances analogous to those wliicli attend 
their cognate sjjeoies in the lakes and rivers of 
the present tropics. Tliey have also been found 

* Plate 2 Fii?. 4, repwsents a Turtle frotu the slate of 
Claris : it is shewn to hare been marine hy the nne(|ual clon- 
^ition of the toes in the anterior pailiile ; because, in freshwater 
Tortoises, all the toes ore nearly ctjual, and of moderate length ; 
and in land Tortoises, they arc also nearly e<jtial, and short ; hut 
in all marine species they are very long, and tlie central toe of 
the anterior paddle, is hy much the longest of all. The accord- 
ance with this latter condition in tlie specimen before u.s, is at 
once apparent ; and both in this respect and in general structure, 
it approaches very nearly to living genera. 'I’his figure is copied 
from Vol. 5, Pt. 2, Tub. 14,/. 1, of the Oss. Foss, of Cuvier. 
M. Agassiz has favoured me with the following details respecting 
important parts which are imperfectly represented in the drawing 
from which Cuvier’s engraving w’as taken. ** The ribs show 
evidently that it is nearly connected with the g(;ncra Cholonia 
and Spbargis, but refcrrible to no known s[)ecies; the fingers of 
the left fore paddle are five in number; the two exterior are the 
shortest, and have each three articulations; and the three in- 
ternal fingers, of which the middle one is the longest, have 
each four articulations, as in the existing genera, Chelonta and 
Sphargis. 

o. s 
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in marine deposits, where their admixture with 
the remains of Crocodpean animals shows that 
they were probably drifted, together with them, 
into the sea, from land, at no great distance.^ 

In the close approximation of the generic 
characters of these fossil Tcstudinata, of various 
and ancient geological epochs, to those of the 
present day, we have a striking example of the 
unity of design which has pervaded the con- 
struction of animals, from the most distant 
periods in whicli these forms of organized beings 
were also called into existence. As the paddle 
of the Turtle has at all times been adapted to 
move in the w aves of the Sea, so have the feet of 
the Trionyx and Emys ever been constructed 
for a more quiescent life in freshwater, whilst 
those of the Tortoise have been UO less uniformly 
fitted to creep and burrow^ upon land. 

The remains of land Tortoises have been more 
rarely observed in a fossil state. Cuvier men- 
tions but two examples, and the^^i»> very recent 
formations at Aix, and in the fISI* of France. 

Scotland has recently aflbrded evidence of the 
existence of more than one species of these ter- 

• Tims two large extii.ct species of Ernys occur, together with 
marine shells, in the jura limestone at Soleuro. The Emys also 
and Crocodiles, are found in the marine deposits of the linden 
clay at Sheppy and Harwich ; and the former is associated with 
marine exuvi® at Brussels. Very perfect impressions of small 
homy scales of Testudinata, occur in the Oolite slate of Stones^ 
ficid, near Oxford. 
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restrial reptiles, during the period of the New 
red, or Variegated sandstone formation. (See 
PI. 1, Sec. 17 ). The nature of this evidence 
is almost unique in the history of organic 
remains.'*^ 

It is not uncommon to find on the surface of 
sandstone, tracks which mark the passage of 
small Crustacea and other marine animals, whilst 


♦ See Dr. Duncan's account, of tracks and footmarks of ani- 
mals, impressed on sandstone in the quarry of Corn Cockle Muir., 
Durafries-shire, Trans. Royal Society of l^diiiburi^h, 1828. 

Dr. Duncan states that the strata which bear tliese impres- 
sions lie on each other like voj.uines on the shelf of a library, wIhmi 
all inclining to one side *. tt:^t the cpiurry has l)een worked to the 
depth of forty-five feet from the top of the rock ; Ihrougliout the 
whole of this depth simHtr impressions have been found, not on 
a single stnitum only, Wt on many successive strata ; i. e. after 
removing a large sl$t) which containe<l foot-prints, they found 
perhaps the very ttratiim at the distance of a few feet, or it 
might l>e less th^'an incli. exhihiting a similar phenomenon. 
Hence it follows dikt tin; piocc.ss hy which the imprc.ssions were 
made on the st||p, and subscijuenlly buried, was repeated at 
successive interviili* 

I learn, by a letter from Dr. Duncan, dated October, 1834, 
that similar impressions, attemled hy nearly the same circum- 
stances, have recently been discovered about ten miles south of 
Com Cockle Muir, in the Red sandstone (piarries of Craigs, two 
miles east of the town of Dumfries. 'Phe inclination of the 
strata of this place is about 45° S.W. like that of almost all the 
sandstone strata of the neighbourhood. One of these tracks 
extended from twenty to thirty feet in length : in this place also, 
as at Corn Cockle Muir, no bones of any kind have yet been 
discovered. 

Sir William Jardinc has informed Dr. Duncan that tracks of 
animals have been found also in other quarries near Corn Cockle 
Muir. 
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this Stone was in a state of loose sand at the 
bottom of the sea. Laminated sandstones are 
also often disposed in minute undulations^ re- 
sembling those formed by the ripple of agitated 
water upon sand.* 

The same causes, which have so commonly 
preserved these undulations, would equally pre- 
serve any impressions that might happen to 
have been made on beds of sand, by the feet 
of animals ; tlie only essential condition of such 
preservation being, that they should have be- 
come covered witli a fiirtlier deposit of earthy 
matter, before they were obliterated by any suc- 
ceeding agitations of the water. 

The nature of the impressions in Dumfries- 

^ In 1831, Mr. CJ. P. Scrope, after visiting^ tlic quarries of 
Dumfries, foiiuil ri})])led inarkine^s, and abundant foot tracks of 
small animals on the Forest marble bc'ds north of Bath. These 
were juobably tracks ol Crustacea. — tijce Phil. Mag. May, 1831, 
p. 37b. 

We. fmd on the surface of .slabs both of the calcareous grit, 
and Stoncsticld slate, near Oxford, and on sandstones of the 
Weuhleii formation, in Su>sex and Dorsetshire, perfectly pre- 
served and petrified castings of marine worms, at the upper ex- 
tremity of boles bored by them in the sand, while it was yet soft 
at the bottom of the water; and within the sandstones, traces 
of tnbnlar boles in which the worms resided. The preser\'ation 
of those lubes and eUvStings shews (he very quiet condition of the 
bottom, and the gentle action of the w'atcr, which brought the 
niatcrials that covered iliem over, without disturbing them. 

(.^-ases of this kind add to the probability of the preservation x>f 
footsteps of Tortoises on the Red sandstone, and also afford proof 
of the alternation of intervals of repose with periods of violence, 
during the destructive processes by which derivative strata were 
funned. 
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shire may be seen by reference to Pit 20. They 
traverse the rock in a direction eithet up or 
down, and not across tlie surfaces of the strata, 
which are now inclined at an angle of On 
one slab there are twenty-four continuous im- 
pressions of feet, forming a regular track, with 
six distinct repetitions of the murk of each foot, 
the fore-foot being ditferently shaped from the 
hind-foot; tlie marks of claws are also very 
distinct.* 

Although these fix>tstops are thus ahuiulant in 
the extensive quarries of ( -oru (\)ckle AFuir, no 
trace whatever has been found of any portion 
of the bones of the animals whose feci they re- 
present. This circmiistauco may pcrha[)S he. 
explained by the nature of the silic eous sand- 
stone having been unfavourable^ to the* preser- 
vation of organic remains. Tlie eonditions which 
would admit of tli(» entire oliliteratioii of bones, 


♦ On comparing sonic of tlim- irupn-ssions witli I lie trurks 
1 cau-^od to be made on soft sand, and < lay, and upon unbaketl 
pie-crust, by a living Einys and Ti-studo (Jnvea, I fonnil the 
correspondence with the latter siiniricntly tdose, allowing for 
difference of species, to render it highly probable that the fossil 
footsteps were also impressed by the feet of land Tortoises. 

In the bed of the Sapt;y and Wlndpley brooks near Tenbnry, 
circular markings occur in the Old lied Sandstone, whi(di are 
referred by the natives to the tracks of Horses, and the ifnj>r(*s- 
sions of Patten-riugs, and a legendary talc has bt en applied to 
explain their history. They are caused by (‘omaetions of Marl- 
stone and Iron, disposed in spherical cases around a solid core 
of saudstoue, and intersected by these water < onrses. 
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ift) Ttftty iaterfere widi tho. pfeaetvm- 
' lim,o£ tDafKsstoas loade by f«et,..a]id speed% 
lUled up by a sttcceeditig depont of HUid, arhu^ 
would assume, with the fiddity of an artificial 
plai^r mould, the precise form of the surface 
to which it was applied. 

Notwithstanding this absence of bones from 
the rocks which are thus abundantly impressed 
with footsteps, the latter alone suffice to assure us 
both of the existence and character of the ani- 
mals by which they were made. Their form is 
much too short for the feet of Crocodiles, or any 
other known Saurians ; and it is to the Testu- 
dinata, or Tortoises, that we look, with most 
probability of finding the species to which their 
origin is due.* 

The Historian or the Antiquary may have 
traversed the fields of ancient or of modern 

* Til is evidence of footsteps, on which we are here arguing, is 
one which all mankind appeal to in c\ery condition of society. 
The thief is identified by the impression which his shoe has 
left near the scene of his depredations. Captain Parry found 
the tracks of human feet upon the bunks of the stieam in Pos- 
session Bay, which appeared so fresh, that he at first imagined 
them to have been recently made by some natives : on examina- 
tion they were distinctly ascertained to he the maiks of the shoes 
of some of his own crew, eleven months before. Tlie frozen con- 
dition of the soil had prevented their ohliterution. The Ameri- 
can savage not only identifies the Elk and Bison by the 
impression of their hoofs, but ascertains also the time that has 
elapsed since each animal had passed. From the Camel’s track 
upon the sand, the Arab can determine whether it was heavily or 
lightly laden, or whether it was lame. 
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Mid ma^ 

Mwch triiiiitiiAiamt 

tmiapled 4oim the xaost mighty kiiigdoi^i^ 
the werid. The winds and storms have utteriy 
obliterated the ephemeral impressions of their 
course. Not a track remains of a single* foott 
or a single hoof» of all the countless millions 
of men and beasts whose progress spread de*^ 
eolation over the earth. But the Keptiies» that 
crawled upon the half-finished surface of our 
infant planet, have left memorials of their pas* 
sage, enduring and indelible. No history has 
recorded their creation or destruction; their 
very bones are found no more among the 
fossil relics of a former world. Centuries, and 
thousands of years, may have rolled away, be- 
tween the time in whicli these footsteps were 
impressed by Tortoises uj)on tlie sands of their 
native Scotland, ami the hour when they are 
again laid bare, and exposed to our curious and 
admiring eyes. Yet we behold th(‘ni, staini>ed 
upon the rock, distinct as tlie track of the pass- 
ing animal upon the recent snow; as if to show 
that thousands of years are but as nothing 
amidst Eternity — and, as it were, in mockery 
of the fleeting perishable course of the mightiest 
Potentates among mankind.* 

• A similar discover)' of fossil frx>tsteps has recently been 
made in Saxony, at tlie village of H^ssberg, near HUdburg- 
in several quarries of grey quurtzose sandstx>ne, alter^' 
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SECTION XIII. 

FOSSIL FISHES. 

The history of Fossil Fishes is the branch 
of Paleontology which has hitherto received 
least attention, in consequence of the imperfect 


nating with beds of red sandstone, nearly of the same age with 
that of Dumfries. (See PL 2G'. 2C". 26'".) 

The following account of them is collected from notices by 
Dr. Hohnbaiim and Professor Kaup. ** The impressions of feet 
are partly hollow, and partly in relief ; all the depressions are 
upon the upper surfaces of slabs of sandstone, whilst the reliefs 
arc only upon the lower surfaces, covering those which bear tlie 
depressions. These reliefs arc natural casts, formed in the sub- 
jacent footsteps as in moulds. On one slab (see PI. 26'), six 
feet long by live feel wide, there occur many footsteps of 
more than one animal, and of various sizes. The larger im- 
pressions, which seem to be of the hind foot, are eight inches 
long, and Hve wide. (See PL 26".) One was twelve inches 
long. Near to each large footstep, and at the regular dis- 
tance of an inch and a half before it, is a smaller print of a 
fore foot, four inches long and three inches wide. These foot- 
steps follow one another in pairs, at intervals of fourteen inches 
from pair to pair, each pair being in the same line. Both 
large and small steps have the great toes alternately on the 
right and left side ; each has the print of five toes, and the first, 
or great toe is bent inwards like u thumb. The fore and hind 
foot are nearly similar in form, though they differ so greatly in 
size. 

On tltc same slabs are other track^, of smaller and didie- 
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state of our knowledge of ezistii^ Fi^es. The 
inaccessible recesses of the waters they inhabit, 
renders the study of their nature and habits 
much more dilhcult than that of terrestrial 
animals. The arrangemeut of this large and 
important class of Vertcbrata was the last great 
work undertaken by Cuvier, not long before his 
lamented death, and nearly cigiit thousand spe- 
cies of living Fishes had come under his obser- 
vation. The full development of their history 


rently shaped feet, armed with nails. Many of these (PI. 2(5 ) 
resemble the impressions on the sand.slone of Dumfries, and are 
apparently the sU j)s of Tortoises. 

Professor Kauj* has proposed the provi.sional name of Thirothe- 
rium for the great unknown animal that formed the larger foot- 
steps, from the distant rcsemblanec, lioth of the fore ami hind 
feet, to the impression of a Iniman liaml ; am) he conjeeture.s 
that they may liave been deri\ed from sonu' (|uatlrupe(l allied to 
the Marsnpialia. ThO preseuee of two small fo.ssil mammalia 
related to the (.)possnni, in the Oolite formation f)f Stonesfield, 
and the approximation of tliis order to tlie elas.s of Ileptilos, which 
has already been alluded to, (page 7’}, unto), are eireumstancos 
which give probability to such a conjeelure. In llie Kangaroo, 
the first toe of the fore fool is set obli(|Ucly to llie others, like a 
thumb, and the disproportion between the fore ami hind feet is 
also very great. 

A further account of these footseps has been publislicd by Dr, 
Sickler, in a letter to 131umcnbach, IH.34, Our figure ( PI. 2(5'), 
is copied from a plate that accompanies thi.s letter; on com- 
paring it with a large slab, cove,re«l with similar footmarks, from 
the same quarries, lately placed in the IJritisli Mu.seuni, ( IS3.7) 
I find that the repre.sentations, lK»th of the large and small foot- 
steps, corres^Kind most accurately. The hind foot (PI. 2<) ), is 
drawn from one on this slab. PI. 21) " U drawn from a pla.stei 
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and of <tiie functioite they dii> 
economy of nature, he hae left'to 
'Minble sttccessova. .<' > ! 

•* Tki0 fact of the formation oi so large a pottioto 
of the Bttrfsice of the earth beneath the water; 
would- ' lead us to expect traces of die former 
existence of Fishes, wherever we have the 
remains of aquatic Mollusca, Articulata, and 
Radiata. Although a few remarkable places 
have long been celebrated as the repositories of 
fossil Fishes, even of these there are some, 
whose geological relations have scarcely yet 
been ascertained, while the nature of their 
Fishes remains in still greater obscurity.* 

The task of arranging all this disorder has 

cast in the British Museum, taken from another slab found in 
the same quarries, and impressed with footsteps of some small 
aquatic Reptile. 

Some fragments of bones were found in the same quarries with 
these footsteps, but were destioyed. 

A thin deposit of Green Marl, which lay upon the inferior bed 
of sand, at the time wdicn the footsteps w^ere impressed, causes the 
slabs above and below it to pait readily, and exhibit the casts 
that were formed by the upper sand, m the piints that the 
animals had made on the lower stratum, through the marl, while 
soft, and sudiciently tenacious to retain the form of the footsteps, 
• The most celebrated deposits of fossil Fishes in Europe are 
the coal foiination of Saarbruck, in Lorraine ; the bituminous slate 
of MansfeUl, in Thuiingia; the calcareous lithographic slate of 
Solenhofen ; the compact blue slate of Claris ; the limestone of 
Monte Bolca, near Verona; the inarlstone of Oeningen, in Swit- 
zerland ; and of Aix, in Provence. 

Every attempt that has yet been made at a systematic arrange*^ 
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materials he had fainoself ooUeoted 
Ui^iortaait srork. The able lesearobes 
finaiw Agassiz have already, extended the nnm^ 
her of fossil Fishes to two hundred genera, and 
more . than eight hundred and fifty species.* 
The results of his enquiry throw a new and most 
important light on the state of tlie earth, during 
each of the great periods into which its past 
history has been divide<l. The study of fossil 
Ichthyology is therefore of peculiar importance 
to the geologist, as it enables him to follow an 
entire Class of animals, of so high a Division as 
the vertebrate, through the whole series of geo- 
logical formations ; and to institute comjturisons 
between their various conditions during succes- 
sive Periods of the earth’s formation, such as 
('uvier could carry only to a much more limited 
extent in the classes of R<‘i)tilcs, Birds, and 
Mammifers, for want of adequate materials. 

ment of tluse Fishes has been more or less defective, from an 
endeavour to arrange them under existing genera and families. 
The imperfection of his own, and of all preceding classifica* 
lions of Fishes, is admitted by Cuvier ; and one great proof 
of this imperfection is that they have led to no general results, 
either in Natural History, Physiology, or Geology. 

* No existing genus is found among the fossil Fishes of any 
stratum older than the Chalk formation. In the inferior chalk 
there is one living genus, Fistolaria ; in the true chalk, five ; and 
in the Tertiary strata of M. Bolca, thirty-nine living genera, and 
thirty^eight which are extinct. — Agassiz. 
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Mrhieh Agassiz has estab-^ 
Uahod his classification of recent Fish^ is in a 
peculiar degree applicable to fossil Fishes, being 
founded on the character of the external cover- 
ings, or Scales. This character is so sure and 
constant, that the preservation, even of a single 
scale, will often announce the genus and even 
the species of the animal from which it was 
derived ; just as certain feathers announce to a 
skilful ornithologist the genus or species of a 
Bird. It follows still further, that as the nature 
of their outward covering indicates the relations 
of all animals to the external world, we derive 
from their scales certain indications of the rela- 
tions of Fishes;’^ the scales fonniug a kind of 
external skeleton, analogous to the crustaceous or 

* Tlic (’oundaliou of this cliaracter is laid upon the dermal 
ooverinj?, the skin ])ein^' tiiat organ wliicli, more tlian any other 
part of the body, shews the relations of every animal to the ele- 
ment ill which it moves. 

The form and conditions of the feathers and down show the 
relation of Birds to the air in which they tly, or the water in which 
they swim or dive. The varied forms of fur and liair and bristles 
on the skins of Beasts arc adapted to their respective place, and 
climate, and occupations upon the land. The scales of Fishes 
show a similar adaptation to their varied place and occupations 
beneath the waters. 

Mr. Burchell informs me that he has observed, both in Africa 
and South America, that in the order of Serpents a peculiar 
character of the scales appears to indicate a natural subdivision ; 
and that in that tribe, to which the Viper, and nearly all the 
venomous Snakes belong, ati acute ridge, or cannu, along each 
dorsal scal^ may be considered as a distinctive mark. 
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homy coTertHgs of Insects, to ffae feathers of 
Birds, and the fur of Quadrupeds, which sliows 
more directly than the internal bones, tlieir adap- 
tation to the medium in which they lived. 

A further advantage arises from the fact that 
the enamelled condition of the scales of most 
Fishes, which existed during the earlier geolo- 
gical epochs, rendered them much less destnicti- 
ble than their internal skeleton ; and cases fre- 
quently occur where the imtire sc ales and figure 
of the Fish are perfectly prescTved, Mhilst the 
Iwnes within tliesc scales have altog(*ther disap- 
peared; the enamel of the sc ale's being less 
soluble than the more calcare'ous material of the 
bone.^ 


The f()ll()winf;' nre the new OnUr.s into whirh iM. Aj^ussi/ 
divides the (’lass of loslus. 

First Order, (PI. 27, Figs. 1,2, l-tym. 

yrXaEf a broad jdair,) Fishes of this Older are eharaeteri/cd 
by having their skin eovered iru giilaily with plates of eiiunicl, 
fiften of considerable dimensions, and sfunetimes rcduml to 
small points, like the shagn eii on the skins of many Sharks, 
and the priekly, toolh-like luberrles on the skin of Pays. It 
comprehends all the caitilaginous fisht s of (.'iivicr, excepting the 
Sturgeon. 

The enamelled piickly tubercles on the skin of Sharks and 
Dog-Fishes arc well known, from the use made of them in rasp- 
ing and polishing wood, and for shagreen. 

Second Order, GANOIDIANS. (PI. 27, 3, 4. Etym. 
yavoQt sjdendour^ from the bright surface of their enamel.) The 
families of this Order are chara(,*terized hy angular scales, com- 
posed of horny or bony plates, covered with a tliick plate of 
enamel. The bony Pike (Lepidosteus Osseus, PI. 27% Fig. 1): 
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ISfll obvious tbiit aiibtlter and iUdjft 
hupbrtant branch of natural history is enlisted 
tn aid of Geology, as soon as the study of the 
character of fossil Fishes has been established oh 
any footing, which admits of such general appli* 
cation astvthe system now proposed. We intro- 
duce an additional element into geological cal- 
culations; we bring an engine of great power, 
hitherto unapplied, to bear on the field of our 
enquiry, and seem almost to add a new sense 
to our powers of geological perception. The 
general result is, that fossil Fishes approximate 

and Sturgeons are of this Order. It contains more than sixty 
genera, of which fifty are extinct. 

Third Order, CTENOTDIA NS, (PI. 27, Figs. 5, 6, Etym. 
icretcj a comb.) The Ctenoidians have their scales jagged or 
pectinated, like the teeth of a comb, on their posterior margin. 
They are formed of lamina* of horn or bone, but have no enamel. 
The Perch affords a familiar example of scales constructed on 
this principle. 

Fouith Older, VYCLOJDIANS. (PI. 27, Figs. 7, 8. Etym. 
a circh .) Families of this Order have their scales 
smooth, and simjilc at their margin, and often ornamented with 
various figures on the upper surface : these sc ales are composed 
of lamina' of horn or hone, hut have no enamel. Tlie Herring 
and Salmon are examples of Cycloidians. 

Each of these Orders contain^ both cartilaginous and bony 
Fishes : the representatives of each prevailed in different propor- 
tions during different epochs ; only the tw’o first existed before 
the commencement of the Cretaceous formations ; the third and 
fourth Orders, which contain three-fourths of the eight thousand 
known species of living Fishes, appear for the first time in the 
Cretaceous strata, when all the preceding fossil genera of the two 
first Orders had become extinct. 
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mearest to eidt^g and in the 

moat recent Teitiary deposits ; ai^ differ 
thfm most widely in strata whose antiquity is 
the highest; and that strata of intermediate age 
are marked by intermediate changes of ichthyo* 
logical condition. 

It appears still further, that nil the great 
changes in the character of fossil Fishes take 
place simultaneously with the most important 
alterations in the other classes of fossil animals, 
and in fossil vegetables ; and also in the mineral 
condition of the strata.* 

It is satisfactory to find that these conclu- 
sions are in perfect accordance with those to 
which geologists had arrived from other data. 
The details that lead to them, will be described 
by M. Agassiz, in a \v(»rk of many volumes, and 
will form a continuation of the Osseinens Fos- 
siles of Cuvier, r'rom the parts of this work 
already published, and from communications by 
the author, I selc(!t a few examples, illustrating 

• The genera of Fishes >^luch prevail in strata of the (‘arboni- 
ferous order arc found no more after the dej^osition of the 
Zechstein, or Magnesian limestone. Thosei of the Oolitic series 
were introduced after the Zechstein, and ceased suddenly at the 
commencement of the Cretaceous formations. The genera of the 
Cretaceous formations are the first that approximate to existing 
genera. Those of the lower Tertiary deposits of London, Paris, 
and Monte Bolca, are still more nearly allied to existing forms ; 
and the fossil Fishes of Oeningen and Aix approximate again yet 
closer to living genera, although every one of their species appears 
to be extinct. 
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the characlw of some of the most remark^le 
&milias of Fii^es^ ^ \ > 

It appears that the fpssij 

does not .change irom^one foppatlpia 

to .^r^ol^er, as in the case of many Zopphylp 
apd Testacea ; nor do the same genera» or ey|i^ 
the same families, penrade successive series of 
great formations ; but their changes take place 
abruptly^ at certain definite points in the ver- 
tical succession of the strata, like the sudden 
changes tliat occur in fossil Reptiles and Mam- 
malia.* Not a single species of fossil Fishes 
has yet been found that is common to any two 
great geological formations ; or living in our 
present seas. | 

One important geological result has already 
attended the rcsoarclies of M. Agassiz, viz. 
that the age and place of several formations 
hitherto uiiexjdained by any other character, 
have been made clear by a knowledge of the 
fossil Fishes which they contain, j. 

* M. Ap^assu observes that fossil Fislies m the same formation 
present gi cater vaiiat ions of species at distant localities, than we 
hnd in the spccits of shells and Zoophytes, in corresponding parts 
of the same formation , and that this ciicumstanre is readily 
explained by the greater locomotive powcis of this higher class 
of animals. 

t The nodules of clay stone on the coast of Greenland, con- 
iaining fishes of a st>Gcies now living in the adjacent seas, 
(Mallotus Villosus) aic probably modem concretions. 

t Thus the slate of Eiigi, m the canton of Gians, in Swlt« 
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'lE^ lltiibity of 

cldiins Our attention, anll%' 
hi||li!y'uUportant in the physiological conaidera- 
tinni "of the history of Fishes, as it combines in 
die stlticture both of the bones, and some of the 
sdft parts, characters which are common to the 
class of reptiles. M. Agassiz has already ascer- 

xerlandy has long betn one of the most celebrated, and least 
understood localities of fossil Fishes in Europe, anti the mineral 
charact^ of this slate had till lately caused it to l>e referred to the 
early period of the Transition series. M. Agassiz has found that 
among its numerous fishes, theie is not tme belonging to u 
single genus, that occurs in any foriiiutiuii older than the Creta- 
ceous series; but that many of them agree, with fossil species 
found in Bohemia, in the lower Cretaceous formation, or Piiincr 
kalk ; hence ho infers that the (tlaris slate is an altered condition 
of an argillaceous deposit, subordinate to tlio great Cretaceous 
formations of other parts of Europe, probably of the Gault, 

Another example of the value of Ichthyology, in illustratioti 
of Geology, occurs in the fact, that as the fossil Fi.shes of the 
Wealden estuary fornialiou aie refrrnlilc to genera that charac- 
terize the strata of the Oolitic scries, the Wealden deposit.s are 
liereby connected with the Oolitic jH'iiod that preceded their com- 
mencement, and are separated from the CVeiaceous formations 
that followed their termination. A change in the condition of 
the higher orders of the inhabitants of the waters , seems to have 
accompanied the changes that occurred in the genera and sjM>cies 
of inferior animals at the commencement of the Cretureous for- 
mations. 

A third example occurs, in the fact that M. Agassiz has, hy 
resemblances in the character of their fossil Fishes, idcntined the 
hitherto unknown periods of the freshwater dejiosits of Oen ingeo, 
and of Aix in Provence, with that of the Molassc of Switzerland. 

G. . T 
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tained seventeen genera of Sauroid Fisdies. 
Their only living representatives are the genus 
Lepidostens,* or bony Pike (PL 27* Fig. l.)^ 
and the genus Polypterns (Agass. Poiss. Foss* 
Vol. 2. Tab. C.), the former containing five 
species, and the latter two. Both these genera 
are found only in fresh waters, tlie Lepidosteus 
in the rivers of North America, and the Polyp-^ 
terus in the Nile, and the waters of SenegaLf 
^ The tf^eth of the Saiiroid Fishes are striated 
longitudinally towards the base, and have a 
hollow cone within. (See PL 27% 2, 3, 4; and 
PJ. 27. 10, II, 12, 13, 14.) The bones of the 

palate also are. furnished with a large appa- 
ratus of teelli. [ 


• Lepidosteus Agassiz — Lcpisosteus Lactphle. 

t The bones of the skull, in Sauroid Fishes, are united by 
closer sutures than those of common Fishes. The vertebrae arti- 
culate with the spinous processes by sutures, like the vertebrae of 
Saurians; the ribs also articulate with the extremities of the 
spinous processes. The caudal vertebrte have distinct chevron 
bones, and the general condition of the skeleton is stronger and 
more solid than in other Fishes: the air-bladder also is bitid and 
cellular, approaching to the character of lungs, and in the throat 
there is a glottis, as in Sirens and Salamanders, and many Sau- 
rians. — See Hoport of Proceedings of ZouL Soc. l>ondon, Octo- 
ber, 1834, 

t The object of the extensive apparatus of teeth, over the 
whole interior of the mouth of many of the most voracious 
Fishes, appears not to be for mastication, but to enable them to 
hold fast, and swallow the slippery bodies of other Fishes that 
form their prey. No one who has handled a living Trout or Bef 
can fail to appreciate duly the importance of the apparatui tii 
question. • 
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PI. 27, Figs, II, 12, 13, 14, represent teeth of 
the largest Satiroid Fishes yet discovered, equal- 
ling in size the teeth of the largest Crocodiles : 
they occur in the lower region of the Coal form- 
ation near Edinburgh, and are rt^ferred by M. 
Agassiz to a new genus, Megalicthys. PI. 27, 
Fig. 9, and PI. 27% Fig. 4, are fmginents of 
jaws, containing many smaller teeth of the same 
kind. The external form of all these teeth is 
nearly conical, and witliin them is a eonieal 
cavity, like that within the teeth of many Sau- 
rians; their base is Hated, like the base of the 
teeth of the Ichthyosaurus. Tlu ir prodigious 
size shows the magnitude which h^ishes of this 
family attained at a period so early us that of 
the Coal formation their structure coincides 

^ We owe the ditit overy ot ihcst* very curious teeth, and much 
valuable information on th«‘ (ieolofjy of the neijj;hbouvhc>od of 
Edinburgh, to llie zeal and cliscrriinicnt of J)r. llihbert, in the 
spring of 1834. The limestone in winch these Fishes occur lies 
near the bottom of the Coal formation, and is loaded with Coprb- 
lites, derived apparently from predaceous Fishes. It is aliun> 
dandy cdiargcd also with ferns, and other plants of the coal 
formation ; and with the crustaceous remains of Cypris, a genus 
known only as an inhabitant of fresh water. These circum- 
stances, and the absence of Corals and Flncrinites, and of all 
species of marine shells, render it probable that this deposit w'as 
formed in a freshwater lake, or estuary. It lias been recog- 
nized in various and distant places, at the bottom of the car- 
boniferous strata near Edinburgh. 

In the Transactions of the Royal Society of Edinburgh, VoJ. 
Xtll. Dr. Hibbert has published a most interesting description of 
the recent discoveries made in the limestone of Burd ic House, 
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with that of the t^h of thd’fivihg Lepi- 
dbsteus osseus. (PI. 27*, Figs. 1, 2; 8.) 

Smaller Sauroid Fishes only havO been no- 
ticed in the Magnesian limestone, fonning about 
one fifth of the total number yet obsCTved in 
this formation. Very large bones of this vorU- 
cioiis family occur in the lias of Whitby and 
Lyme Regis, and its genera abound throughout 
the Oolite formation.* In the Cretaceous for- 
mations they become extremely rare.-f They 


illustrated with engravings, from which the larger teeth in our 
plate arc copied. (PI. 27, Fig. 11, 12, 13, 14). The smaller 
figures, PI. 27, Fig. 9, and PI. 27% Fig. 4, are drawn from 
specimens belonging to Dr. Ilibbert and the Royal Society of 
T^dinburgh. 

In this memoir, Dr. llilihcrt has also published figures of some 
curious large scales, found at Biirdie House, with the teeth of 
Jllcgalidhys, and referred by M. Agassiz to that Fi.sh. Similar 
scales have been noticed in various parts of the Edinburgh Coal 
field, and also in the CVtal formation of Newcastle-on-Tyne. 
Unique specimens of the heads of two similar Fishes, and part 
of a body covered with scales, from the Coal field near Leeds, 
are prcservetl in the museum of that town. 

Sir Philip Grey Egortoii has recently discovered scales of the 
Megalicthys, with teeth and bones of some other Fishes, and also 
Coprolites, in the Coal formation of Silvcrdalo, near Newcastle- 
under- Line. These iKCur in a stratum of shale, containing shells 
of three species of Unio, with balls of argillaceous iron ore and 
plants. 

• The Aspidorhynchus, from the Jurassic limestone of Solen- 
hofeo* (Ph *-^7% Fig. r>), represents the general character of the 
sauroid Fishes. 

t The Macrojjoma is the only genus of Sauroid Fishes yet 
found in the Chalk of England. 
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have not b^ii 4iBCoyered ifi aoy of the 
Tertiary strata ; and in the waters of the , pre- 
sent world are reduced to the two geners» lie- 
pidosteus and Polyptems. ^ 

Thug we see that this family of Sauroids 
holds a very important place in the liistory of 
fossil Fishes. In the waters of the Transition 
period, the Sauroids and Sharks constituted the 
chief voracious forms, tlestined to fulfil the 
important office of checking excessive increase 
of the inferior families. In the Se<XMuiary 
strata, this ollice was largely shared by Ichthyo- 
sauri and other marine Saurians, until the com- 
mencement of the Chalk. The cessation of tliese 
Reptiles and of the seiiu-re[)tile Sauroid Fishes 
in the Tertiary fonnations made room for the 
introduction of otluT predaceous iumiluiS, ap- 
proacliing more nearly to those of the present 
creation.* 


* IMucIi liiis tlirowii ui» thr hi‘'tory of FlsIjos in tlic 
Old red sandstone at the base of the (’ai buniferons series, by the 
discoveries of Professor Sed«;wiek and Mr. Murchison, in the 
bituminous schist of Caithness, (Ueol. Trans. I>ond. n. h, Vol. 3, 
part 1.); und Uioseof Dr. Trade, in the same schist in Orkney. 
Dr. Fleming also has made ini[)ortant observations on Fishes in 
the old red sandstone of Fifeshire. Further discoveries have 
been made by Mr. Murchison of Fishes in the old red sand.slone 
of Salop and Herefordshire. The general conditions of all these 
Fishes accord with those in the carboniferous series, but their 
specidc details present most interesting peculiarities. Many of 
them will be figured by Mr. Murchison in his splendid Illustrations 
of the Geology of the Border Counties of England and Walts. 



01 


,r.« if' 


*Fishes in Strata of the Car^ani^^«s Order._ 


I select the genus Amblyptems (PI. 33^.}, 
Si ab example of Fishes whose duTatkm lms 
limited to the early pariods of geological PoKflaa" 
tioDs; and which are marked by characters, that 
cease after the deposition of the Magnesnui 
limestone. 

This genus occurs only in strata of the Carbo- 
niferous order, and presents four species at 
Saarbriick, in 1-orraine;* it is found also in 
Brazil. The character of the teeth in Amblyp- 
terus, and most of the genera of this early epoch, 
shews the habit of these Fishes to have been 
to feed on decayed sea-weed, and soft animal 
substances at the bottom of the water : they are 
all small and numerous, and set close together 
like a brush. The form of the body, being not 
calculated for rapid progression, accords with 
this habit. 


* Tlie Fishes al Saarbriick arc usually found in balls of clay 
ironstone, which form nodules in strata of bituminous coal shale. 
liOrd Greenock lias recently discovered many interesting ex- 
amples of this, and other genera of Fishes in the coal formation 
at Newhavon, and Wardie, near Ix'ith. Tim shore at Newbaven 
is strewed with nodules of ironstone, washed out by the action of 
the tide, from shale beds of the coal formation. Many of these 
ironstones have for their micleiis a fossil Amblypterus, or some 
otlicr Fish ; and an inhnitcly greater number contain CoproUtes, 
apparently derived from a voracious species of Pygoptcrus, that 
preyed upon the smaller Fishes. 



The yeisimh^ the upper 

lobe' bir ihelkif, k much Ibh^r 
}oii»«ar ibbe, mid is thus adapted to suslitiu the 
iiody iu an incUued position, iivith the bead aid 
iiMli^h:iiearest to the bottom. 

Among existing cartilaginous Fishes, die ver* 
^bralcdumii is prolonged into the caudal fin 
of Sturgeons and Sharks : the former of these 
peifortn the office of scavengers, to clear the 
water of impurities, and have no teeth, but teed 
by means of a soft leatherdike mouth, capable 
of protrusion and contraction, on putrid vege* 
tables and animal substances at the bottom ; 
hence they have constant occasion to keep their 
bodies in the same inclined position as the 
extinct fossil I'ishes, whose feeble brush-like 
teeth shew that they also fed on soft substances 
in similar situations.’* 

The Sharks employ their tail in another 
peculiar manner, to turn their hotly in order to 
bring the mouth, which is placed downwards 
beneath the head, into contact with their prey. 
We find an important provision in every animal 
to give a position of ease and activity to the liead 
during the operation of feeding. '| 

* At the siejje of Silisiria, the Sturgeons of the Danube were 
observed to feed voraciously on the putrid bodies of the Turks 
and Russian soldiers that were cast into that river. 

t This remarkable elongation of the superior lobe of the tail 
is found in every bony Fish of strata anterior to and including 
the Magnesian limestone ; but in strata above this limestone the 
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FISHES IN MAGNESIAN LIMESIONE, 


Fishes of the Magnesian Limestone, 
or Zechstein. 

The Fishes of the Zechstein at Mansfeld'imd 
Eisleben have been long known, and are oojn- 
.|f>on in all coUecticHis ; figures of many specief 
lure given by M. Agassiz. Examples oS fbifi 
Fishes of the Magnesian limestone of the nQf|^ 
ai England-, are described and figured by Pi^ 
fessor Sedgwick, in the Geol. Trans, of Londc^ 
(2d Series, Vol. iii. p. 1 17, and PI. 8, 9, 10). He 
states in this paper (p. 99), that the occurrence of 
certain Corals and Encrinites, and several species 
of Products, Area, Terebratula, Spirifier, 8cc. 
shews that the Magnesian limestone is more 
nearly allied in its zoological characters to the 
Carboniferous order, than to the calcareous fw- 
mations which are superior to the New red sand- 
stone. This conclusion accords with that which 
M. Agassiz has drawn from the character of its 
fossil Fishes. 


tail is regular r.nd symmetrical. In certain bony Fishes of the 
secondary j^eriod, tli^ upper lobe of the tail is partly covered with 
scales, but without veitebne. The bodies of all these Fishes also 
have an integument of rhonil)oiflal bony scales, covered with 
enamel. 

No species of Fish has boon found common to the Carboni- 
ferous group, and to the Zechstein or Magnesian limestone ; but 
certain genera occur in both, e. g. the genus Palaeonisous and 
Polypterus. 
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Fishes of the Muschelkalk, Lias^ and Oolite 
Formations. 

The Fishes of the Muschelkalk are either 
■peculiar to it, or similar to those of the Lias mul 
Oolite. The figure engraved at PL 27% is 
-^ected ai an example of the character of a 
of Fishes most abundant in the Juraadiii 
dr Oolite formation; it represents the fCnfid 
OyTodus in the family of Pycnodonts, or thick- 
toothed Fishes, which prevailed extensively during 
the middle ages of Geological History. Of this 
extinct family there are five genera. Their leading 
character consists in a peculiar armature of all 
parts of the mouth with a pavement of thick 
round and flat teeth, the remains of which, under 
the name of Bufonites, occur most abundantly 
throughout the Oolite formation.’* The use of 
this peculiar apparatus was to crush small shells, 
and small Crustacea, and to comminute putres- 
cent sea-weeds. The habits of the family of 
Pycnodonts appear to have been omnivorous, 
and their power of progression slow.f 


♦ PI. 27^ Fig. 3. represents a five-fold series of these U*eth on 
the palate of Pycnodus trigonus from Stoncsfitld ; and Fig. 2, a 
series of similar teeth placed on the vomer in the palate of the 
Gyrodus Umbilicus from the great Oolite of Durrheini, in Burien. 

t A similar apparatus occurs in a living family of the Order 
Cycloids, in the case of the modern omnivorous Sea Wolf, Anar- 
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Another family of these singular Pishes of the 
nncient world, which was exceedingly abundant 
in the Oolitic or Jurassic series, is that of the 
Lepidoids, a family still more remarkable than 
the Pycnodonts for their large rhomboidal bony 
scales, of great thickness, and covered with beau-, 
tiful enamel. The Dapedium of the lias (PL 1. 
Fig. 54.) aifords an example of these scales, well 
known to geologists. They are usually furnished 
on their upper margin with a large process or 
iiook, placed like the hook or peg near the upper 
margin of a tile ; this hook fits into a depression 
on the lower uuirgin of the scales placed next 
above it. (See PL 27, Figs. 4, 5, and PL 15, Fig. 
17.) All Ganoidian Fishes, of cvtTy formation, 
prior to the Chalk, were enclosed in a similar 
cuirass, composed of bony scales, covered with 
enamel, and extending from the head to the rays 
of the tail."^ One or two species only, having 

this peculiar armature of enamelled bony scales, 
« 

rhioas Lupus, and other recent Fishes of different families. M. 
Agassiz observes, that it is a common fact, iit the class of Fishes, 
to find nearly all the modifications which the teeth of these 
animals present, recurring in several families, which in other 
respects arc very different, 

* The Pycnodonts, as well as the fossil Sauroids, have ena- 
melled scales, but it is in the Lepidoids that scales of this 
kind are most highly developed. M. Agassiz has ascertained 
nearly 200 fossil species that had this kind of armour. The 
use of such an universal covering of thick bony and enamelled 
scales, surrounding like a cuirass the entire bodies of so many 
species of Fishes, in all formations anterior to the CretaceoMa 
deposits, may Ijaw been to defend their b<.*dies against waters 



FISHES IN CHALK FOttMATION. 

have yet been discovered in the Cretaceous 
series ; and three or four species in the Tertiary 
formations. Among living Fishes, scales of this 
kind occur only in the two genera, Lepidosteus 
and Polypterus. 

Not a single genus of all that are found in the 
Oolitic series exists at the present time. The 
most abundant Fishes of the Wealden formation 
belong to genera that prevailed through the 
Oolitic period.* 


Fishes of the Vhaik For mat ion. 

The next and most remarkable of ail changes in 
the character of Fishes, takes place at the com- 
menceinent of the Cretaceous formations. Genera 
of the first and second onlcrs (Placoideun and 
Ganoid ian), M'hich had prevailed exclusively in 
all formations till tlie termination of the Oolitic 
series, ceased 8udd<*uly, and were rejdaced by 
genera of new orders (Ctcnoidcan and Cycloi- 
dean), then for the first time introduced. Nearly 
two-thirds of the latter also are now extinct ; but 
these approach nearer to Fishes of the tertiary 
series, than to tliose Mdiich had preceded the 
formation of the Chalk. 

that were warmer, or subject to more sudden changes of tem- 
perature, than could be endured by Fishes whose skin was 
protected only by such thin, and often disconnected coverings, as 
the membranous and horny scales of most modern Fishes. 

* The most remarkable of these are the genus X^epidolus, 
Pholidophorus, Pycnodus, and Hybodus. 
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FOSSIL FISHES, 


Comparing the Fishes of the Chalk with those 
of the elder Tertiary formation of IMonte Boica, 
we find not one species, and but few genera, that 
are common to both.* 

Fishes of the Tertiary Formations, 

As soon as we enter on the Tertiary strata, 
another change takes place in the character of 
fossil Fishes, not less striking than that in fossil 
Shells. 

The fishes of Monte Boica are of the Eocene 
period, and are well known by the figures en- 
graved in the Ittiolitologia Veronese, of Vo|ta; 
in Knorr. About one-half of these fish^ 

- • It jbu been already stated, that the remarkable deposit 
fossil Fishes at Engi, in the Canton of Claris, are referred by 
M. Agassiz to the lower portion of the Cretaceous system. 

Many genera of these are identical with, and others closely 
approximate to, the fishes of the Inferior chalk (Planer kalk) of 
Bohernia, and of the Chalk of Westphalia (see Leonhard and 
Broun. Ncues Jahrbuch, 1834). Although the mineral cha- 
racter of the slate of (Claris presents, as we have before stated, 
an appearance of high antiquity, its age is probably the same as 
that of tlie Gault, or Speeton clay of England. This alteration 
of character is consistent with the changes that have given an air 
of higher antiquity than belongs to them, to most of the Secon- 
dary and Tertiary formations in the Alps. 

The Fishes of the Upper chalk are best known by the nume- 
rous and splendid examples discovered at Lewes by Mr. 
Mantell, and figured in his w'orks. These Fishes are in an uit* 
exampled state of perfection ; in the abdominal cavities of one 
species (Macropoma) the stomach, and coproiites are preserved 
entire, in their natural place. 
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belona* to extinct genera, and not one is identical 
with any existing sjiecies; they are all marine, 
and the greater number approach most nearly 
to forms now living within the tropics.* 

To this first period of tlie Tertiary formations 
belong also the Fishes of the London clay; 
many of the species found in Shoppy, though 
not identical with those of Monte Bolca, are 
closely allied to them. The Fishes of Libamis 
also are of this era. The Fishes in the gypsum 
of Mont Martre are referred to the same period 
by M. Agassiz, who difters from Cuvier, in at- 
tributing them all to extinct genera. 

The Fishes of Oeningen have, by all writers, 
been referred to a very recent local lacustrine 
deposit. M. Agassiz assigns them to the second 
period of the Tertiary formations, coeval with 
the Molasse of Switzerland and the sandstone 
of Fontainbleau. Of seventeen extinct species, 
one only is of an extra-Eiirope^in genus, and all 
belong to existing genera. 

The gypsum of Aix contains some species 
referrible to one of the extinct genera of Mont 
Martre, but the greatest part are of existing 
genera. M. Agassiz considers the age of thisfor- 

* M. Agasftiz has re-arran^ed these fishes under 127 Species, 
all extinct, and 77 Genera. Of these Genera 38 are extinct, and 
59 sttli living; the latter present 81 fossil 8|)ecies at Monte Boioa, 
and the former 46 species. These 39 living Genera appear for 
the first time in this formation. 
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FOSSIL SHARKS. 


matJon as nearly coinciding with that of the 
Q^ingen deposits. 

'rihe Fishes of the Crag of Norfolk, and the 
superior Sub-apennine formation, as far as they 
are appear for the most part related 

now eommon in tropical seas» but are 
Dct4iq>ecies. 

i 

Family Shark$. 

&mily of Sharks is one of the most 

uiuversally diffused and most voracious among 
nMndeni Fishes, so there is no period in geolo- 
ipoal history in which many of its forms did not 
pndrail.* Geologists are familiar with the occur- 
rehhe of various kinds of large, and beautifully 
enamelled teeth, some of them resembling the 
eat^mal form of a contracted leech, (PI. 27', 
and 270 • these are commonly described by the 
name of Palate bones, or Palates. As the^ 
teeth are usually insulated, there is little evi- 
doice to indicate from what animals they have 
been derived. 

In the same strata with them are found large 
bony Spines, armed on one side with prickles, 
resembling hooked teeth, (see PI. 27 . C. 3. a.) 
These were long considered to be jaws, and 
true teeth ; more recently they have been ascer- 

• M. Agassiz has a^icertamed the existence of more than one 
hundred and fifty extinct species of fossil Fishes allied to this 
family* 
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tained to be dorsal spines of Pishes, and fit>m 
their supposed defensive office, like those of the 
genus Batistes and Silurus, have been numbed 
Icltthyodomlites. 

M. j&gasolz has at length referred all these 
bodies , to extinct genera in the great family # 
Sharks, a family which he separates into '^trs* 
8ab-<fomilies, each containing forms peculiar tp'. 
crartain geological epochs, and which ehimgei;^ 
simultaneously with the other great changes>in 
fossU remains. ' ' 

The first and oldest snb-fiimily, Cealm^ 
ciontt, beginning with the Transition strata, 
appears in every subse(|uciit furniation, till the 
commencement of the Tertiary, and has only 
one living representative, viz. the (^estracimi 
Philippi, or Port Jackson vShark. (PI. 1. Fig. 
18.) The second family, lli/bodonts, beginning 
with the Musclicl-kalk, and perhaps with the 
Coal formation, prevails throughout the Oolite 
series, and ceases at the coiniiicncement of the 
Chalk. The third family of “ Squaloids," or 
true Sharks, commences with the Cretaceous 
formation, and extends through the Tertiary 
strata into the actual creation.* 

* The character of the Cestracionts is marked by the {jrcscnce 
of large polygonal obtuse cnameited teeth, covering the interior 
of the mouth with a kind of tesselated pavement. (PI. 27'*. A. 1, 
3, 4, and PI. 27**, B. 1, 2, 3, 4, .5.) In some sjwcics not less 
than sixty of these teeth occupied each jaw. They are rarely 
found connected together in a fossil state, in consequence of the 



In the section PI. 1, Fig. 19 represents a tooth of Psam- 
modus, and* Fig. 19% a tooth of Orodus, from the Carboniferous 
limestone; and Fig. 18% a recent tooth of the Cestracion Phi- 
lippi. The Cestracion Philippi, (PI. 1, Fig. 18, and PI. 27% A.) 
is the only living species in the family of Sharks that has flat 
tesselated teeth, and enables us to refer numerous fossil teeth of 
similar construction to the same family. As the small anterior 
cutting teeth (PI. 27**, A. Figs. 1 . 2. 5.) in this species, present a 
character of true Sharks, which has not been found in any of the 
fossil Cestracionts, we have in this dentition of a living species, 
the only known link that connects the nearly extinct family of 
Cestracionts with the true Sharks or Scpialoids. 

The second division of the family of Sharks, Hybodonts, com- 
mencing probably with the Coal formation, prevailed during the 
deposition of all the Secondary strata beneath the Chalk ; the teeth 
of tliis division possess intermediate characters between the blunt 
polygonal crushing teeth of the sub-family Cestracion, and the 
smooth and sharp-edged cutting teeth of the Squaloids, or true 
Sharks, which commenced with the Cretaceous formations. They 
• See PI. 27**. C. 3. 
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IIS to refer those very common, but little uuder- 
st 9 od fossils, which have been called lehthyodo- 
ruUtes, to extinct genera and species of the Siub- 
f^inUy C^racionts. (See page 386). Seyend 
Uv^g.i^P^ies of the great family of Sbarhy have 

^re 4iitingitiiihed from ihote of true Sharks by being plicatod^ both 
on the external and internal surface of the enamel. (SoeJ 
^7^. B. Figs. 8, 9, 10). Plate ‘27^ C. 1/’' represent^ 
example of a series of teeth of llybodus reliculatus, still i 
to the cartilaginous jaw bones, frain the lias of Lyme tlegis. 
Ktriated teeth of this family aliound in the Stauesiiehl slate and 
in the VVealtlcn formation. 

Another genus in the sub-family t»f Hybodonts, is the Oiiehus, 
found hi th<j Lias at lAine Ht gis; the teeth uf this genus are re- 
presented, PI. ‘27 lb (>, 7. 

In the third, urS(jualoul fli\isicm of fossils of this family, we 
have the charaeter of true Sharks; these appear for the firs! 
time in the (Vi'tareons forinulioiis, and extend through all the 
Tertiary deposits to the present era. (PI. ‘J7''. lb 11, 12, 13.) 
ill this division the suiface of ll»e teeth is alwuy.s smooth on the 
outer side, and sometimes plieau-d on the inner side, as it is also 
in certain living speeir*> ; the feetli are often flat and laiioel- 
shapetl, with a shar|» c utting border, which, in many species, is 
serrated with minute teeth. Speeitjs »)f this S<pudoid family 
alone, abound in all strata of the Tertiary formation. 

The greater stre ngth, and Haltened comiilion of the teeth of 
tlie families of Sharks ((‘«*.slr,icionts and Ilyhodonts), that pre- 
vailed in the Transition and Secondary formations beneath the 
Chalk, had relation, most probably, to their olliee of cru.shing 
the hard coverings of the Crustacea, and of tlie bony etiuinellcd 
scales of the Fishes, which formed their food. As soon as Fishes 
of the Cretaceous and Tertiary formations assumed the softer 
scales of modern Fishes, the teeth of the Scpialoid sul>-faiiiily 
assumed the sharp and cutting edges that characterise the teeth 
of living Sharks. Not one species of the blunt-lmithed Ccstra- 
ciont family ha.s yet been discovered in any IVrtiary formation. 
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BONY SPINES OF SHARKS. 


smooth horny spines connected with the dorsal 
fin. In the Cestracion Philippi alone, (PI. I, 
Fig, 18 ), we find a bony spine armed on its 
concave side with tooth-like hook|, or prickles, 
similar to those that occur in fossil Ichthyo- 
dorulites : these hooks act as points of suspen- 
sion and attachment, whereby the dorsal fin is 
connected with this bony spine, and its move- 
ments regulated by the elevation or depression 
of the spine, during the j)eculiar rotatory action 
of the body of Sliarks. This action of the 
spine in raising and depressing the tin res<nnl>les 
that of a moveable mast, raising and knvering 
backwards tlu; sail of a barge. 

The common Dog-l^sh, or Spine Shark, 
(Spinax Acanlhias, (.uv.), and the Centrina 
Vulgaris, have a horny elevator spine on each 
of their dorsal fins, but without teeth or hooks; 
similar small toothU^ss horny sjiiims have been 
found by Mr. Mantell in the chalk of Ix3W(‘S. 
These dorsal spin(\s had probably a further use 
as oflensive and defensive weapons against vora- 
cious fislu‘s, or against larger and stronger in- 
dividuals of their own species.* 

The variety we find of fossil spines, from the 
Greywacke .series to the t’halk inclusive, indi- 

• Colonel Smith s;iw a captain of a vessel in Jamaica who 
receivetl many severe cuts in the body from the spines of a Shark 
in Montego Bay. (See Ctriffith’s Cuvier). 

The Spines of Balistes and Silurus have not their base, like 
that of the spines of Sharks, dimply imbedded in the flesh, and 
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rates the number of extinct genera and species 
of the family of Sharks, that occupied the waters 
throughout these early periods of time. Not less 
varied are the forms of palate hones and teetJi, 
in the same formations that contain these 
spines; but as tlie cartilaginous skeletons to 
which they belonged have usually pt'rished, 
and the teeth and spines are generally dis- 
persed, it is chieHy by tin* aid of anatomical 
analogies, or from oc<-asional juxtaposition in 
the same stratum, that tlu ir respec‘tive specie's 
can be ascertai nc'd. 


fufssii ilat/s. 

The Rays form the fourth family in the order 
Placoidians. (ienera of this family ttbonnd 
among living tishes ; but they )iav<' not been 
found fossil in any stratum older than the Lias; 
they occur also in the Jurassic* limestone'. 

Through<»ut the tertiary formation they arc? 
very abundant ; of om* genus, Myliobatis, there 
are sevc'ii known sjK'cies ; from tlu*s<* have been 
derived tlie palaU*s that are so freejuetit in the 
lx»ndoTi <'lay ami crag. (See PI. 27‘‘, B. Fig. 
14.) The genus Trygon, and ''I'orpedo, occur 
also in the Tertiary formations. 


attache<i to sitrong ituinrU’s; but aitioulute with a bone beneath 
them. The Spine of Baiistes also is kept erect by a second 
spine behind its base, ariing; like a bolt oi wedyr, \v}ii<*h is 
stmiittatteonsty inserted, <»r withdrawn, hy flu- same inimrutar 
motion that raises or <lepresv< s tlu- ^pine, 
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OENEHAL CONCLUSIOK. 


Conclusion. 

In the facts before ns, we have an uninter- 
nipted series of evidence, derived from the family 
of Fishes, by which both bony and cartilagi- 
nous forms of this family, are shewn to have 
prevailed during every period, from the first 
commenccmcmt of submarine life, unto the pre- 
sent hour. The similarity of the teeth, and 
scales, and bones, of the earliest Sauroid 
Fishes of the coal formation (Megalichthys), 
to those of the living Lepidosteus, and the cor- 
respondence of th(‘ Uioth and bony spines of 
the only living f'estraciont in the family of 
Sharks, with the numerous extinct forms of that 
sub-family, which abound tliroughout the Car- 
boniferous and Secondary formations, connect 
extronie [)oin(s of this grand verbetrated division 
of the animal kingdom, by one unbroken chain, 
more uniform and continuous than has hitherto 
been discovered in the entire range of geological 
researches. 

It results from the review liere taken of the 
history of fos.-^il I'ishes, that this imj)ortant class 
of vertebrated animals presented its actual gra- 
dations of structure amongst the earliest inha- 
bitants of our i)lanet; and has ever performed 
the same important functions in the general 
economy of nature, as those dischargetl by their 
living representatives in our modern seas, and 
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lakes, and rivers. The great purpose of their 
existence seems at all times to have been, to fill 
the waters with the largest possible amount of 
aiiioial enjoyment. 

The sterility and solitude which have some- 
times bc^en attributed to the depths of the ocean, 
exist only in the fictions of poetic fancy. The 
great mass of tlie w ater that covers nearly three- 
fourths of the ulobe is crowded with life, per- 
haps more abundantly than the air, and the 
surface of the earth ; ami tlu‘ bottom of the 
sea, within a certain depth acces^sible to light, 
swarms with countless hosts of worms, and creej)- 
ing things, which rcpr(*scnt the kindred families 
of low’ degree which < raw l upon the land. 

The eommon olyt'ct of ereation seems ever 
to have been, tlie infinite inultiplicalion of life. 
As the basis of animal nutrition is laid in tlie 
vegetable kingdom, the bed of tlie oce an is not 
less beautiful ly e lotbeel with submarinei vege- 
tation, than the snrfae-e* ed* the* ilry land with 
verdant herbs ami stately feirests. hi both 
cases, the undue iuerciase of herbivorous tribes 
is ( oiitrolled by tlie restraining influence of those 
vvhicli are carnivorous ; and the common result 
is, and ever has been, tlie greatest iiossible 
amount of animal enjoyment to the groat(;st 
number of individuals. 

From no kingdom of nature does the doctrine 
of gradual Development and Transmutation of 
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species derive less support, than from the pro- 
gression we have been tracing in the class of 
Fishes. The Sauroid Fishes occupy a higher 
place in the scale of organization, than the ordi- 
nary forms of bony Fishes ; yet we find examples 
of Sauroids of the greatest inagriitnde, and in 
abundant numbers in the Carboniferous and 
Secondary formations, whilst they almost dis- 
appear and an* replaced by less perfect forms 
in the Tertiary strata, and present only two 
genera among existing Fishes. 

In this, as 41 many other cases, a kind of rc- 
fntoradc development, from romjilex to simple 
forms, may lx* said to have taken place. As 
some of the more early Fishes united in a 
single speei(‘s, points of organization which, at 
a later period, art* found distinct in separate 
fjunilics, tlu'Si* changes would seem to indicate in 
the class of I'ishes a j)rocess of Division, and of 
Subtraction from more pertect, rather than of 
Addition to less pe rfect forms. 

Among living Fishes, many ])arts in the or- 
ganization of the ('arlilaginous tribes, (e. g. the 
brain, the pancreas, and organs subservient to 
generation,) are of a higher order than the cor- 
responding parts in the Bony tribes; yet we find 
the cartilaginous family of Seiualoids co-existing 
with bony fishes in the Transition strata, and 
extending with them through all gt*ological for- 
mations, unto the present time. 
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In no kingdom of nature^ therefore, does it 
seem less possible to explain the successive 
changes of organ izutioii, disclosed by geology, 
M^itliout the direct iutcrjiositiou of repeated acts 
of Creation. 


C'haptfr XV. 

roofs of Desig n in lUe Vossil Remains 
of MoUusksJ^ 

SK(TIUN I. 

FOSSIL I'MVALVl;: AM) BIVALN F. SlILLl.S. 

We arc much limitcMl in our nu'ans of obtaiiiiug 
information as to the anatomical structure of 
those numerous tribes of extinct animals which 
are comi)relien(led under Cuvier s great division 
of Mollusks. Their soft and perishable bodies 
have almost wholly disappeared, and their ex- 
ternal shells, and, in a few cases, an internal 
apparatus of the nature of shell, form the only 
evidence of the former existence of the myriads 
of these creatures that occupied the ancient 
waters. 

The enduring nature of the calcareous cover- 


• Sre note, \k S'J. 
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which these ammals had the power of 
secreting, has placed ,our knowledge of Fossil 
Shells almost on a footing with that of recent 
Conchology. But the plan of our present 
enquiry forbids us here to take more than a 
general review of the history, and economy of 
the creatures by which they were constructed, 

^ We find many and various forms, both of Uni- 
valve and Bivalve shells, mixed with numerous 
remains of Articulated and Radiated animals, in 
the most ancient strata of the Transition period 
that contain any traces of organic life. Many 
of these shells agree so closely with existing 
species, that we may infer their functions to 
have been the same ; and that they were inha- 
bited by animals of form and habits similar to 
those which fal)ricate tlie living shells most 
nearly resembling them.'‘‘ 

AH Turbinated and simple shells are con- 
structed by Mollnsks of a Jiigher Order than the 
Oouchifers, whicli construct Bivalves; the former 
have heads and eyes; the t'onchifers, or con- 
structors of bivalves, are without cither of these 
important parts, ami possess but a low degree of 
any other sense than touch, and taste. Thus 
the Mollusk, which occupies a Whelk, or a 
Limpet shell, is an animal of a higher Order 


* See Mr. Broderip's Introduction to his Paper on some new 
species of Brachiopoda, Zool. Trans., vol. 1, p. 141. 
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tiian the Conehifer enclosed between the two 
valves of a Muscle or an Oyster shell. 

Lamarck has divided his Order of Tmcheli* 
pods* into tw^o great sections, viz. herbim^tmts 
and camimrons; the carnivorous are also di- 
visible into two families of different office, the 
one attacking and destroying Uritig bodies, the 
other eating dead bodies that have perished in 
the course of nature, or from accidental causes ; 
tifter the manner of those species of predaceous 
beasts and birds, e. g. the Hyaenas and \'ultures, 
which, l)y prefert'iire, live on carrion. The same 
principle of economy in nature, which causes 
the dead carcases of the hosts of tiTrestrial 
herbivorous animals to be acc(derat(il in their 
decomposition, by forming the food of numerous 
carnivora, appears also to have beiai applied to 
the submarine inhabitants of the most ancient, 
as well as of tin* existing s(‘as; thus converting 
the death of one triln* into the nutriment and 
support of life in others. 

It is stated by Mr. Dilhvyn, in a paper read 
before the Jloyal Society, June that Pliny 

has remarked, that the animal which was sup* 


^ This name is dorivcd from the [losition of the foot, or loco- 
motive apparatus, on tlie lower surface of the nt.'ck, or of the 
anterior part of the body. By means of this organ 'IVac helipods 
crawl like the common garden snail (Helix aspersa). Tliis Helix 
offers also a familiar example of the manner in which they have 
the principal viscera packed within the spiral shell. 
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po&ed to yield the Tyrian dye, obtained its food 
by boring into other shells by means of an 
elongated tongue; and Lamarck says, that all 
those Mollusks whose shells have a noicA or 
canal at the base of their aperture, are fur- 
^nished with a similar power of boring, by means 
of a retractile proboscis.* In his arrangement 
of invertebraU* animals, they form a section of 
the Trachelipods, wliich he calls carnivorous. 
{Zoophages). In the other section of Tracheli- 
pods, wiiich he calls herbivorous {PhytiplMges) 
the aperture of the shell is entire, and the animals 
have jaws formed for feeding on vegetables. 

Mr. Dillwyn further asserts, that every fossil 
Turbinated Univalve of the older beds, from the 


^ The proboscis, by iiieutia of wliicli iliose animals arc enabled 
to drill boles through shells, is armed with a number of minute 
teeth, sot like the teeth of a fde, upon a retractile membrane, 
which the animal is enabled to li\ in a position adapted for 
boring or filing a Imle from without, through the substance of 
shells, and through this hole to extract and feed upon the juices 
of the body within them. A faiudiui example of this organ may 
be seen in the retractile proboscis of Bnecinum Lapillus, and Bnc- 
ciniim Undatnm, the common whelks of our own shores. A 
valuable l*a])cr on this subjeel has recently been published by 
Mr. Osier (^IMiil. Trans., 183*2, Cart *2, V. in which he 

gives an engraved figure of the tongue of the Biiccinum IJuda- 
tum, covered with its rasp, whereby it perforates the shells of 
animals destined to become its prey. Mr. Osier modifies the 
rule or the distinetion between the shells of carnivora and herbi« 
vora, by shewing that, although it true that all beaked shells 
indicate their m(»liuscous inhabitant to lia\e been carnivorous, an 
entire apciturc does not always indicate an herbivorous character. 
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Transition lime to tlie lias, belongs to the 
vorous genera; and that the herbivorous class 
extends through every stratum in the entire 
series of gcH>iogical formations, and still retains 
its place among the inliabiiants of our (existing 
seas. On the other hand, the shells of marine 
cannvorous Univalves are very abundant in the 
Tertiary strata above tln^ ( balk, but are ex- 
tremely rare in the Secomlary strata, from the 
Chalk downwards to the Inferior oolite ; heneath 
which no trace of them has yet Ixjen found. 

Most eolleclors have se en upon the sea short' 
numbers of dead slu?lls, in which small circular 
holes have bet ii bored by the jiredaeeons tribes, 
for the purpose of feeding upon the bodies of 
the* animals (ontaiiutl within them ; similar 
holes occur in many fossil shells of the Tertiary 
strata, wherein the shells of carnivorous Tra- 
ehelipods also abound ; but peribratious of this 
kind arc extremely rare in the fossil shells of any 
t)ldeT formation. In the (ireen-sand and Oolite, 
they have been noticed only in ihostj few cases 
wluTe lli<‘y are accompanied by the shells of 
etjually rare (carnivorous Mollusks ; and in the 
Lias, and strata below it, there' are neitberperfo- 
rations, nor any shells having the notched mouth 
peculiar to perforating carnivorous species. 

It should seem, from these facts, that in the 
economy of siihmariiic life, the great iaiiiily of 
carnivorous Trachelipods, jierfonmd the same 



3(|D r TESTACEOUS CEPHALOPODS 

nec^sary office during tlie Tertiary period, 
whicii is allotted to them in the present ocean. 
We have further evidence to shew, that in 
times anterior to, and during the deposition of 
the Chalk, the same important functions were 
consigned to other carnivorous Mollusks, viz. 
the Testaceous Cephalopods these are of com- 
paratively rare occurrence in the Tertiary strata, 
and in our modern seas; but, throughout the 
Secondary and Transition formations, where car- 
nivorous Trachelipods are either wholly wanting, 
or extremely scarce, we find abundant remains 
of carnivorous ( ephalopods, consisting of the 
chambered shells of JVautili and Ammonites, 
and many kindred cjxtiiict genera of polytlia- 
lamous shells of extraordinary beauty. The 
Molluscous inhabitants of all these chambered 
shells, probably jmsscssed the voracious habits 
of the modern ( utlh^ Fish, and by fec^ding 
like them iij)on young Tcstac i a and Crustacea, 
restricted the excessive iiierejise of animal life 
at the bottom of the more ancient seas. Their 
sudden and nearly total disappearance at the 
commencement t)f the Tertiary era, would have 
caused a blank in the “ police,* of nature,'’ 
allow ing the herbivorous tribes to increase to an 
excess, that would ultiinatidy have been de- 
structive of marine vegetation, as well as of 
themselves, had they not been replaced by a 

** Sec* explanation of the term Cephalopod, m note at p. 303 . 
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different order of carnivorous creatures, des|ined 
to perform in another manner, the office which 
the inhabitants of Ammonites and various extinct 
genera of chambered shells then ceased to dis- 
charge. From that time onwanls, wc have evi- 
dence of the abundance of carnivorous Trache- 
lipods, and we see good reason to adopt the 
conclusion of Mr. Dillwyn, that “ in the forma- 
tions above the Chalk, the vast and siiddbii 
decrease of one predaceous tribe has been pro- 
vided for by the creation of many new genera, 
and species, poss(‘ssed of similar apj)etenoies, and 
yet formed for ol)taiiiing their j)rey by habits en- 
tirely dilfercail from those of the Cej)halo]HKls.’'* 

The design of the C reator sec nis at all times 
to have been, to fill the watiTs of tht^ seas, 
and cover the surface of th(‘ eartli with the 
greatest possibles amount of orgaiii/cnl lujings 
enjoying life ; and llu* same <'xpedient of adapting 
the vegetahh^ kingdom to become the basis of the 
life of animals, and of multiplying largely *the 
amount of animal existeme by the addition of 
Carnivora to the ilerbivora, appears to have 
prevailed from the first commenccmient of or- 
ganic life unto the present liour.***^ 

* Mr. Pillwyn observes further, lluit all the herhixorous uiariiu* 
TracheJipods of the Transition and Seroiulary strata weii‘ fur- 
aiahed with an opcrouluin, as if to protect tlicrn aj^ainst the 
carnivorous Cephaloj)ods wliieli then prevailed abundantly; but 
that in the Tertiary formations, nunieions hribivcirous ^cmTa 
- appear, which arc not furnished with ojx'icijla, as if nolon^t r 
Y, retjuiring* the protection of such a shield, after the exiinrtioii 
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Mr. De la Beche has recently published a list 
of the specific gravities of living shells of different 
genera, from which he shews that their weight 
and strength are varied in accommodation to the 
habits and habitation of the animals by which 
they are respectively constructed; and points out 
evidence of dc^sign, such as we discover, in all 
carefully conducted investigations of the works 
of nature, whether among the existing or extinct 
forms of the aniinai creation.* 


of the Ammoi»it('s and of many connate genera of cariiivorous 
Trachelipods, at tlic termination of the Secondary period, i. e. 
after the deposition of the (Mnilk formation. 

* “ It can scarcely escape the ohserviilion of the reader, that, 
while the specific gravities t.f the himl shells (‘numerated is 
generally greatest, the densities of the flodtimj inarinr shells are 
much the srnulh’st. Tlio clesign of the difl'crence is obvious : 
The land sliells have to contend with all changes of elimate, and 
to resist the action of the atmosphere, wliilc, at the same time, 
they arc thin for the pur|)Ose of easy tralI^j>ort, their density is 
therefore greatest. The Argunaut, Nautilus, and creatures of the 
like habits retjuirc as light sliclls us may be consistent with the 
requisite strength; the relative specific gravity of such shells is 
conscipiontly small. The greatest obsci vnl density was that of a 
Helix, the smallest, that of an .\rgonaut. The sliell of the 
lanthina, a floating Molluscous crc.it ure, is among the smallest 
densities. The s[H‘eific gravity (d* all the land shells examined 
w’as greater than that of (’arara marble; in general more ap- 
proaching to Arragonitc. The fivshwater and marine shells, 
with iho exception of the Argonaut, Nautilus, lanthina, Utho- 
domus, Huliotis, and grtait radiated crystalline Teretlo from the 
East Indies, exceeded C’aiara inarhle in density. This marble 
and the llaliotis arc of ctpial specific gravities.”— l)e la Beche’s 
(tcological Uesearches. 18:»4, p. 7<». 
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SKCTION II. 

FOSMIL REMAINS OV NAKED MOLLl'SKf^, PENS, AND 
INK-BAIJS OF LOLUiO. 

It is well known that the common Cnttlc Fish, 
and other living species of Cephaloimds,* whi(*h 
have no external shell, are protected from their 
enemies by a j)eciiliar internal provision, con- 
sisting of a bladder-shaped sac, containing a 
black and viscid ink, the ejection of which 
defends them, by rendering opaepn^ the water in 
which they thus become concealed. The most 
familiar exaiupU s of this contrivance are found 
in the Sepia vulgaris, and Loligo of our own seas. 
(See PI. 28, Fig. 1.) 

It was hardly to be (‘xpeu ted that \\v should 
find, amid the petrified remains of animals of the 


* Tiie fij^ure of the roimnon (.’almar, or Scjuid (Lolij^o 

Lam.— Scjiiii loli^o of l.innausj, set* IM. 28, Fij^. 1, 
^ illustrates the orij^in of tin; t«Tin (’cpliulopod, a term upj>lie<l to 
a large family (jf molluscous aiiiinaU, from llu* fact of their foot 
. being placed arourul their heads. The feci are lined internally 
with ranges of horny cup.s, or suck« rs, hy vvliich the animal 
seizes on its prey, and adheres to extraneous bodies. The 
mouth, til form and substance resembles a Parrot’s beak, and is 
, * surrounded by the feet. By means of tln se feel and sin kers the 
Septa octopus, or common Pouljie (the Polypus of the ancients), 
^crawls with its head downwards, along the iKjttom of fhi) sea. 
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ancient world, (remains which have been buried 
for countless centuries in the deep foundations 
of the earth,) traces of so delicate a fluid as the 
ink which was contained within the bodies of 
extinct species of ( V^phalopods, that perished 
at periods so incalculably remote ; yet the 
jireservalion of this substance is established 
beyond the jmssihility of doubt, by the recent 
discovery of numerous specimens in the Lias of 
J^yrnc Itegis,’* in which the ink-bags arc pre- 
served in a fossil state, still distcuided, as when 
they fornu'd ])arts of (lu^ organization of living 
bodi(‘s, aiul relainiug tlu‘ sauu' juxta-position to 
a. horny j)eu, which tin* ink-bag of tlie existing 
Loligo be ars to tiu' pcui within tlu‘ body of that 
animal. ( IM. ‘in, I'ig. I .) 

Having beibn' us tin' fact ot tln^ l)res(u*vatioii 
of this fossil ink, we tind a ready explanation of 
it, in th(' indestnictibh' natun' of tiu^ carbon of 
which it was chi(‘lly com])osed. ('u\ ier describes 
the ink of the n'ccuit ( utile Fish, as being a dense 
fluid of the consislenc(‘ of j)ap, “ bouillie, ' sus- 
pended in tlu' c(*lls of a thin net-work that 
pervades the interior (»f tlu‘ ink-bag; it very 
much rt\sembles (‘oinmon printers' ink. A sub- 
stance of this nature would readilv be trans- 

* Wo owo tins (lisonvorv to tbo nulnstry aiul skill of Miss 
Mary Aiininp;, whom tho soientific world is I arg-elv indebted, 
for ha\ini:‘ bnuight t(^ huht vo nuniy inti'roslinL'; remains fossil 
lu'pliles fiHMM lilt' ri;i> at Lynio Uogi'i. 
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lerred to a lossil state, without nnich diiuiiuitioii 
of its bulk.”^ 

Pi. 2U, a, reprosentvS an iuk-ba^ of a 

rerent Cuttle Pish, in which the ink is preserved 
ill a desiccated state, being* not umch diminished 
from its original volume. Its form is similar to 
that of many fossil ink-bags (i^l. "JO, I'igs. — 10\ 
and tlie indurated ink witliin it ditfers only iroin 
the fossil ink, inasmuch as the latter is impreg- 
nated with carbonate of lime. 

In a communication to the (Geological Society, 
February IHJO, 1 announced that these fossil 
ink-bags had been discove n d in the Lias at 
Lyme Rigis, in connexion with horny bodies, 
resembling tlu^ pen of a rece nt Loligo. 

These fossil j)ens arc without any trace of 
nacre, and are comj)os(Hl of a thin, laminated, 

* So conipli ifiy arc li»c chara(‘lir and qualities of the ink 
r(‘taiiied in its IosmI '.t.itc, that wlicn, in lN‘Jd, I subiniltod a 
portion <d' it to inv fiiciid Sir I'lancis (’hanficy, rc(|ucstin^' liiiii 
to try its jif>wcr as a j)iL',incnt, and In* had picpnii'd a drawing; 
with a triturated p(Mtion of this I’ossil substaiu'e ; the drawing 
was shewn to a celebrated painter, without any information as 
to its origin, and he immediately ptononmad it to be, tinted 
with sepia of excellent ijuality, and bt^p^ed to be informed l)y 
what culourman it was j)rq)arcd. The <'ominon scjiia use<l in 
drawing is fiom the ink-bag of an oriental species of ( nttlc-fish. 
The ink of tin* cuttlohshos, in its natnial state, is .said t(» be 
soluble only in ^s•ater, throupb \\hi<’h it difliises itself instanta- 
neously ] being thus remarkably adapted to its peculiar service 
in the only fluid wherein it is naturally employed. 
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ieH9iid'j(tcaQi^>arent EubBtaoce, veBemUipg horn. 
IThelf state of preserration is fuch asi'fo Admit ei' 
jAf minute comparison of their iDterpal stiuetai)^ 
with that lof the pen of the recentTLoh§e; mod 
lelads to the same result which we have c<dlected 
from the examination of so many other examples 
of fossil organic remains; namely, that although 
fimsil species usually differ from their living repre- 
soptatives, still tlie same principles of construC' 
tifin have prevailed through every cognate genuS, 
and often also through the entire families under 
which these genera are comprehended. 

The petrified remains of fossil Loligo, there> 
fore, add another link to the chain of argument 
which we arc pursuing, and aid us in connecting 
successive systems of creation which have fob 
lowed each other upon our Planet, as parts of 
one grand and uniform Design. Thus the union 
of a bag of ink with an organ resembling a pen 
in the recent Loligo, is a peculiar and striking 
association of contrivances, affording compensa* 
tion for the deficiency of an external shell, to an 
animal much exposed to destruction from its 
fellow-tenants of the deep ; wc find a similar 
association of tlic same organs in the petrified 
remains of extinct species of the same family, 
that are preserved in the ancient marl and Umf^ < 
stone strata of the Lias. Cuvier drew his figuneA,! 
of the ipeent Sepia with ink extracted fr<^ its 
own body. I have drawings of the remains «|L 
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prepared al^ with tb<^r pwn ink; 
with this fosaii iak I wil^t record the (kel^ and 
expFaia the eaiiiaes of its wonderftil presertatlbBl 
1 might lister the proofs of instantOneoas deatfi 
detected in those ink-bags, for they contain thO 
fluid which the living 8e{>ia emits in the moment 
of alarm ; and might detail further evidence of 
their immediate burial, in the retension of the 
forms of these distended membranes (PI. W* 
Figs. 3 — 10.); since they would speedily have 
decayed, and have spilt their ink, had they been 
exposed but a few hours to decomposition in the 
water. The animals must therefore have died 
suddenly^ and been quickly buried in the sedi* 
ment that formed the strata, in which their 
petrified ink and ink-bags are thus preserved. 
The preservation also of so fragile a substance 
as the pen of a LoHgo, retaining traces even of 
its minutest fibres of growth, is not much less 
remarkable than the fossil condition of the ink- 
bags, and leads to similar conclusioiiB.* 

• We have elsewhere applied this line of argument to prove 
the sadden destruction and buiial of the Saurians, whose skele- 
lomi 6nd entire in the same Lias that contains the pens and 
ink-bags of Loligo. On the other hand, we have proofs of inter- 
vals between the depositions of the component strata of the Lias, 
in the fact, that many beds of this formation have become the 
f^|K>Sf|ory of Coprolites, dispersed singly and irregularly at inter- 
vals^ far distant from one another, and at a distance from any 
entire ^teletons of the Saurians, from which they were derived ; 
and in Ibe further fact, that those surfaces only of the Coprolites, 
lUfhich Uy uppermoat at the fiottom of the sea, have often 
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leam from a recent 'GermaB^ifNiblicatioii 
(Zdti^n’s Verstmnerungen WUitt^beigs. -Stirtt* 
gait, iSii2, PI. 25 and PI. 37,) thateiniikUFmBainB 
of pens and ink bags are of frequent oosunenice 
in the Lias shale of Aalen and Boll.* '^Menee k 
is clear that the same* causes Rrhich produced 
tiiese effects during the deposition of the lias at 
Lyme Regis, produced similar and nearly con- 
temporaneous effects, in that part of Germany 
which presents such identity in the character 
and circumstances of these delicate organic re- 
mains.t 

suffered partial clestriictioii from the action of water before they 
were covered and protected by the muddy sediment that has 
afterwards permanently envelopetl them. Further proof of the 
duration of time, during: the intervals of the deposition of the Lias, 
is found in the innumerable nuiltit tides of the shells of various 
Molliisks and Conchifers which had time to arrive at maturity, at 
the bottom of the sea, during the quiescent periods which inter- 
vened between the muddy invasions that destroyed, and buried 
suddenly the creatures inhabiting the w'aters, at the time and 
place of their arrival. 

* As far as we can judge from the delineations and lin^ of 
structure in Zeiten's plate, our species from Lyme Regis is the 
same with that which he has designated by the name of Loligo 
Aalensis; but I have yet seen no structure in English speci- 
mens like that of his Loligo Bolleiisis. 

-f Although the resemblance between the pens of the LoligU 
and a feather (as might be expected from the very different uses 
to which they are applied) <loes not extend to their interniil 
structure, we may still, for convenience of description, considi^ 
them as composed of the three following parts, which, in all our 
figures, will be designated by the same letters, A. B. CX 
First, the external Alanients of the plume, (PL 2$, 29, 
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Kldey Jiaa beaotifiiUy, and with his josnal 
described the Unity and Universality ef 
Providential care, as extending from the einitr 
sbiiotion of a ring of two hundred thousand 
miles diamei«r, to surround the body of Saturn, 
and be Mispended, like a magnificent arch, above 
the heads of his inhabitants, to the concerting 

A.) analogous to those of a common feather. Those hla- 
ments terminate inwards on a straight line, or base, where they 
ttsnally form an acute angle with tlie outer edgt's of the mar- 
ginal bands. Secondly, two marginal bands, B. B., dividing the 
base of the filaments from the body of the shaft ; the surface of 
these bands, B., usually exhibits angular lines of growth in the 
smaller fossil pens (PI, 28, Fig. (j, and PI. 29, Fig. 2,) which 
become obtuse and vanish into broad curves, in larger specimens, 
Ph 29, Fig. 1, and PI. 30. Thirdly, the broad shaft, which forms 
the middle of the pen, is divided longitudinally into two equal 
parts by a straight lino, or axis, C. : it is made up of a number 
of thin plates, of a horn-like substance, laid on each other, like 
thin sheets of paper in pasteboard; these thin plates arc composed 
alternately, of longitudinal, and transverse fibres; the former 
(PL 28, Fig. 7, f. f.) straight, and nearly parallel to the axis 
of the shaft, the latter (PI. 28, Fig. 7, e. e.) crossing the shaft 
transversely in a succession of symmetrical and undulating curves. 
These transverse fibres do not interlace the others, as the woof 
jioterlaccs the weaver's warp* but are simply laid over, and adher- 
ing to them, as in the alternate lamina; of [laper made from slices 
of papyrus; the strength of such paper much exceeds that made 
from ilax or cotton, in which the fibres are disposed irregularly 
in all directions. The fibres of both kinds arc also collected at 
intervals into fluted fasciculi, PI. 30, f, and e, forming a suc- 
‘eession of grooves and ridges fitted one into another, whereby 
entire surface of each plate is locked into the surface of 
ibe i^jaoetit plate, in a manner admirably calculated to coni- 
\me el^city with sticnglh. 
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iwd^i^vidiag an aftivt^riate meBiMkiisw ionttfae 
clasf^ng and recla^ng of the fliaaijentsio, the 
feat^ of the Humming-bird. 3'hfe gei^ogbt 
descries a no less striking assemUage 'Qli eaii)'? 
ous provisions, and delicate mechanisinB^extieVi^ 
ding from the entire circumference of the v^rust 
of our planet, to the minutest curl of the smallest 
fibre in each component lamina o^ the pen . of 
the fossil Loligo. He finds these pens uniformly 
associated with the same peculiar defensive pror 
vision of an internal ink-bag, which is similarly 
associated with the pen of the living Loligo m 
our actual seas; and hence he concludes, that 
such a union of contrivances, so nicely adjusted 
to the wants and weaknesses of the creatures in 
which they occur, could never liave resulted 
from the blindness of chance, but could only 
have originated in the will and intention of the 
Creator. 

SECTION ill. 

• Proofs of Design in the Mechanism of Fossil 
Chambered Shells. 

NAUTILUS. 

Si 

I SHALL select from the family of MultHocubfr, 
or Chambered shells, the few examples wbjich^T 
shall introduce from mineral conchoLagy^ wi%,., 



CHAWBERED SHKi.Uij 


am 

a 'Me# ef <il}estratiQg eertM** pMolS'tbat^t^ve. 
rehitieii td tbeobje^ the faeiimt TreatMfof ‘ 

>< I select thieie, first, becaaBe they afibrd pv6o&' 
of mechanieal contrivances, more obvtouM]^* 
a^e^ted to' a definite purpose, than can be found 
in Mrells of simpler character. Secondly, I>e>‘ 
cavse 'the tise of many of their parts can be 
explained, by reference to the economy and 
or^nization of the existing animals, most nearly 
allied to the extinct fossil genera and species 
arith which we are concerned. And, thirdly, be- 
cause many of these clinmbered shells can be 
shewn, not merely to have performed the office 
of ordinary shells, as a defence for the body 
of their inhabitants; but also to have been 
hydraulic instruments of nice operation, and 
delicate adjustment, constructed to act in sub- 
ordination to those universal and unchanging 
Laws, which appear to have ever regul^ed the 
movement of fluids. 

The history of Chambered shells illustrates 
also some of those phenomena of fossil con- 
chology, which relate to the limitation of species 
to particular geological Formations;* and affords 
striking proofs of the curious fact, that many 

* Thus, the Nautilus multicaiinatus is limited to strata of 
formation ; the N. bidorsatus to the Muschelkalk ; 

I?, obj^ius* and N. lineatus, to the Oolite Formation ; N. ele^i^aiis, 
and N7undalatus, to the Chalk. The divisions of the Tertiary 
have also species of Nautili peculiar to themselves^ 
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gotera, and even whole fiuniliea^ have been 
^ied into existence, and again totalijr. winihi^ 
'lated, at various and successive periods, darii^ 
the progress of the construction of Uie^omst of 
our globe. 

The history of Chambered Shells tends fhr<- 
ther to throw light upon a point of unportanee 
in physiology, and shows that it is not always 
by a regular gradation from lower to higher 
degrees of organization, that the progress of life 
has advanced, during the early epochs of which 
geology takes cognizance. We find that many 
of the more simple forms have maintained 
their primeval simplicity, through all the varied 
changes the surface of the earth has undeigone ; 
whilst, in other cases, organizations of a higher 
order preceded many of the lower forms of 
animal life ; some of the latter appearing, for the 
first time, after the total annihilation of many 
species and genera of a more complex cha- 
racter.* 


The introduction, in the Tertiary periods, of a class of 
animals of lower organization, viz. the carnivorous Trachelipods, 
(Sec Chap. XV. Section 1,) to fill the place which, during the 
Secondary periods, had been occupied by a higher order, namely, 
the carnivorous Cephalopods, affords an example of R€troces^>^ 
ftea which seems fatal to that doctrine of regular Progreuim^ 
which is most insisted on by those who are unwilling to admil^ 
the repeated interferences of Creative power, in adjustpg the 
successive changes that animal life has undergone. 

It will appear, on examination of the shells of fossil NanlUit 
that they have retained, through strata of all ages, their abcM'i- 
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Tlie prodigtouB number^ Ysrioty, 3iid hemiy^ 
of ^exlinet Chambered ahells* which prevail 
throughout the Transition and Secondary strata* 
render it imperative that we should seek for 
evidence in living nature, of the character and 
haluts of the creatures by which they were 
formed, and of the office they held in the ancient 
economy of the animal world. Such evidence 
we may expect to find in those inhabitants of the 
present sea, whose shells most nearly resemble 
the extinct fossils under consideration, namely, 
in the existing Nautilus Pompilius, (See PL 31, 
Fig. 1), and Spirula, (PI. 44, Figs. 1, 2).* 

ginal simplicity of structure ; a structure which remains funda- 
mentally the same in the Nautilus Pompilius of our existing sens, 
as it was in the earliest fossil species that wc find in the Transition 
strata. Meantime the cognate family of Ammonites, whose shells 
were more elaborately constructed than those of Nautili, com- 
menced their existence at the same early period with them in the 
Transition strata, and became extinct at the termination of 
the Secondary formations. Other examples of later creations 
of genera and species, followed by their periodical and total 
extinction, before, or at the same time with the cessation of the 
Ammonites, are afibrded by those cognate Multilocular shells, 
namely, the Hamite, Turrilite, Scapliite, Baciilitc, and Belem- 
nite, respecting each of which I shall presently notice a few 
particulars. 

* I omit to mention the more familiar shell of the Argo- 
nauta or Paper Nautilus, because, not being a chambered 
species, it does not apply so directly to my present subject ; and 
sJ«6, because doubts still exist whether the Bepia found within 
Hits l%slt be really the constructor of it, or a parasitic intruder 
into aimell formed by some other animal not yet discovered. Mr. 
Broderip, Mr. Gray, and Mr. G. Bowerby, are of opinion, that 
this ^ell b constructed by an animal allied to Caririaria. 
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>I must enter at some length natilKll 
histoiy of these shells, because the coBclusiens 
to arhich I have been led, by a long and careful 
investigatitm of fossil species, are at uaiiaBee 
with those of Cuvier and Lamarck, as to the fact* 
of Ammonites being external shells, and also* 
with the prevailing opinions as to the action of 
the siphon and air chambers, both in Ammo* 
nites and Nautili. 

e 


Mechanical Coni rivances in the Nautilus. 

The Nautilus not only exists at present in our 
tropical seas, but is one of tliose genera which 
occur in a fossil state in formations of every 
age; and the molluscous inhabitants of these 
shells, having been among the earliest occu* 
pants of the ancient deep, have maintained 
their place through all the changes that the 
tenants of the ocean have undergone. 

The recent publication of Mr. B. Owen’s ex- 
cellent Memoir on the Pearly Nautilus, (Nautilus 
Pompilius Lin.) Ib32, affords the first scientific 
description ever given of the animal by which 
this long-known shell is constructed. ♦ This 

* It is a curious fact, that although the shells of the NautUui 
have been familiar to naturalists, from the days of Aristotle, a?it# 
abound in every collection, the only authentic account of five 
animals inhabiting them, is that by Rumphiiis, in his h^^bry of 
Amboyna, accompanied by an engraving, which, though tok^ 
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is th«refens of hi^ inportaaoe,i:tn its 
relation (to geology.; for it ttiables mb fo aamH,< 
Muth :8.confi4eDce we could not otberwiBe J^arre. 
assumed, ths^ the animals by which all fossil 
Nautili were constructed, belcmged to the exist* 
ing fomily Cephalopodous Molludks, alUed to 
the common Cuttle Fish. It leads us further to 
infor, that the infinitely more numerous species 
of the family of Ammonites, and other cognate 
genera of Multilocular shells, were ulsd* cou> 
structed by animals, in whose economy they held 
an office analogous to that of the existing shell 
of the Nautilus Pompilius. We therefore entirely 
concur with Mr. Owen, that not only is the ac- 
quisition of this species peculiarly acceptable, 
from its relation to the Cephalo|x)d8 of the pre- 
sent creation ; but that it is, at tlie same time, the 
living type of a vast tribe of organized beings, 
whose fossilized remains testify their existence at 
a remote period, and in another order of things.* 


rably correct, as far as it goes, is yet so deficient in detail that it 
ia impossible to learn any thing from it respecting the iutemal 
organization of the animal. 

1 rejoice in the present opportunity of bearing testimony to 
the value of Mr. Owen's highly philosophical and most admirable 
memoir upon this subject; a work not less creditable to the 
author, than honourable to the Royal College of Surgeons, 
mider whose auspices this publication has been so handsomely 

* jlllirther important light is thrown upon those species of 
fossil Multilocular shells, e. g. Orlhoccratites, Baculites, Ila- 
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> By.the help of this living eKunple^iveore pre- 
pared to investigate the que8ti<xi-4^ the uses, to 
which all fossil Chambered shells may have been 
subservient, and to show the existence of .dengn 
and mrder in the mechanism, whereby ti^ey were 
appropriated to a peculiar and important func- 
tion, in the economy of millions of creatures long 
since swept from the face of the living world. 
From the similarity of these mechanisms to those 
still dtnploycd iti animals of the existing crea- 
tion, we see tliat all such contrivances and 
adaptations, however remotely separated by time 
or space, indicate a common origin in the will 
and design of one and the same Intelligence. 

We enter tlten upon our examination of the 
structure and uses of fossil Chambered shells. 


iuite8, iScaphites, Belemnites, I'fec. (See PI. 44), in which tlie 
last, or external chamber, set ms to have been too small to 
contain the entire body of the animals that formed them, by 
Peron’s discovery of the well-known chambered shell, the 
Spirula, partially enclosed within the posterior extremity of 
the body of a Sepia (PI. 44, l"igs. 1,2). Although some doubts 
have existed respecting the authenticity of this specimen, in 
conseqaence of a discrepance between two drawings professedly 
t^keii from it (the one published in the P^ncyclop6dic Metho-^ 
diquo, the other in Peron’s Voyage), and from the loss of the 
sj>ecimen itself before any anatomical examination of it had been 
made, the subsequent discovery by Captain King of the same 
shell, attached to a ]>ortion of the mutilated body of some 
iindescribed CephalotKxi allied to the Sepia, leaves little doubt 
of the fact that the Spirula was an internal shell, having ita 
dorsal margin on /y ex loosed, after the manner repFeseuied^hl both 
the drawings from the specimeu of Peroii. (See PI, 44, Fig. l«) 
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witk a prelimiiiary knowledge of the facts, ^ that 
the focmt shells, both of N. Pompiiios and 
Spirilla, are formed by existing Cephalopoda ; 
and we hope, through them, to be enabled to 
illustrate the history of the countless myriads of 
similarly constructed fossil shells whose use and 
office has never yet been satisfactorily explained. 

We may divide these fossils into two distinct 
classes ; the one comprising external shells, 
whose inhabitants resided, like the inhfliitant 
of the N. Pompiliiis, in the capacious cavity of 
their first or external chamber (PI. 31, Fig. 1) ; 
the other, comprising shells, that were wholly 
or partially included within the body of a Cepha- 
lopod, like the recent Spirula, (PL 44, Figs. 1 , 2). 
In both these classes, the chambers of the shell 
appear to have performed the office of air vessels, 
or floats^ by means of which the animal was 
enabled either to raise itself and float near the 
surface of the sea, or sink to the bottom. 

It will be seen by reference to PI. 31, Fig 1,^ 
that in the recent Nautilus Pompilius, the only 
organ connecting the air chambers, with Uie 
body of the animal, is a pipe, or siphuncle^ which 
descends through an aperture and short project- 

♦ The animal U copied from PI. 1 of Mr. Owen's Memoir ; the 
fhell from a specimen in the splendid and unique collection of 
my frM|»|id W. J. Broderip, Esq., by whose unreseiwed communU 
cation^if his accurate and extensive knowledge in Natural Hii- 
tory, I have been long and largely benehted. 
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i^ttibe {y) In each ancceiisiris 
tfli k terminates in die smallest ^htuhhdr ftfilK 
Inner extremity of the shdt. By moUiS df this 
]>ipe, the animal has power to inerease or diihiii- 
ish its specific gravity, as Fishes do, by’di^il' 
ding their membranous air bladder with iir, 
or by causing it to collapse. When the pipe 
of' the Nautilus is filled widi any ftiiid, the 
weight of that fluid, being added to the body and 
shdlU^enders the mass specifically heavier than 
water, and the animal sinks. When it is inclined 
to rise, it withdraws the fluid from the pipe, 
and thus again, becoming specifically lighter; 
rises upwards to the surface. 

The motion of the Nautilus, when floating, 
with its arms expanded, is retrograde, like that 
of the naked Cuttle Fish, being produced by the 
reaction of water, violently ejected from the 
funnel (k). The fingers and tentacula, (p, p,] 
are here represented as closed around the beak, 
which is consequently invisible ; when the ani- 
mal is in action, they are probably spread forth 
like the expanded rays of the sea Anemone. 

The horny beak of this recent Nautilus (See 
PI. 31, Fig. 2, 3) resembles the bill of a Parrot 
Bach mandible is armed in front, with a haid 
and indented calcareous point, adapted to the 
o|9ice of crushing shells and crustaceous aiuinals, 
of which latter, many fragments were in 

the stomach of the individual here rqpresentddb 
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belonged to species of hairy bmchy^ 
urous Crustacea, that live exclusively at the boltoiii 
of the they shew tliat this Nautilus, tliough 
oq^asionally foraging at the surface, obtains part 
pf its food from the bottom. As it also bad a 
gizzard, mudi resembling that of a fowl, we see 
in this organ, further evidence that the existing 
Nautilus has the power of digesting hard shells.^ 

A similar apparatus is shewn to have existed 
in the beaks of the inhabitants of many species 
of fossil Nautili, and Ammonites, by the abun- 
dance of fossil bodies called Rhyncholites, or 
beak-stones, in many strata that contain these 
fossil shells, c. g. in the Oolite of Stonesiield, in 
the Lias at Lyiiic Regis and Bath, and in the 
Muschel-kalk at Luneville. 

As we are warranted in drawing conclusions 
from the structure of the tet'ih in quadrupeds, 
and of the beak in birds, as to the nature of the 

* In PI. 31, Fig 3 represents the lower mandible, armed in 
front like Fig. 2. with a hard and caleareous margin ; and Fig. 4 
represents the anterior calcareous part of the palate of the upper 
Mandible Fig. 2. formed of the same hard calcareous substance 
as its point; this substance is of the nature of shell. 

These calcareous extremitios of both mandibles arc of sufficient 
strength to break through the coverings of Crustacea and shells, 
and as they are placed at the extremity of a beak composed of 
thin and tough horn, the power of this organ is thereby materially 
increased* 

In eipuiilhiiog the contents of the stomach of the Sepia vul- 
garis 1 have found them to contain numerous shells 

of SDAior CoQchifera* 
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fo<)d on which they are respectivdy denned to 
feed, 80 we may conclude, from the resemblance 
of the fossil beaks, or Rhyncholites, (PI. 31, Fig. 
5 — 1 1), to the calcareous portions of the beak of 
the Cephalopod, inhabiting the N. Pompilius, 
that many of these Rhyncholites were the beaks 
of the cephalopodous inhabitants of the fossil 
shells with which they are associated; and that 
these Cephalopods performed the same office in 
restraining excessive increase among the Crus- 
taceous and Testaceous inhabitants of the bottom 
of the Transition and Secondary seas, that is 
now discharged by the living Nautili, in con- 
junction with the carnivorous Trachelipods.* ' 

Assuming, therefore, on the evidence of these 
analogies, that the inhabitants of the shells of the 
fossil Nautili and Ammonites were Cephalopods, 
of similar habits to those of the animal which 
constructs the shell of the N. Pompilius, we shall 
next endeavour to illustrate, by the organization 
and habits of the living Nautilus, the manner in 
which these fossil shells were adapted to the use 
of creatures, that sometimes moved and fed at 
the bottom of deep seas, and at other times rose 
and floated upon the surface. 

The Nautili (see PI. 31. Fig. 1. and PI. 32. 
Figs. 1 . 2.) constitute a natural genus of spiral 
discoidal shells, divided internally into a senes 



* See p, 250. 



"chambers ofI^autilus. ^^3^1 

of cb^thWrs that are separated from each other 
by transverse plates ; these plates are perforated 
by a tube or siphon, passing through the trans* 
verre plates, either at their centre^ or towards 
tlieir tn/erTta/ margin. (PI. 1. Fig, 31. PI. 32. 
Fig. 2. and PL 33.) 

The external open chamber is very large, and 
forms the receptacle of the body of the animal. 
The internal close chambers are void, and have 
no communication with the outer chain ber, ex- 
cepting for the passage of a membranous tube, 
which descends through an aperture in each 
^plate to the innermost extremity of the shell, 
(PI. 31, y. y. a. b. c. d. e. and PL 32, a. b. d. 
e. f.). These air chambers are destined to coun- 
terbalance the w^eight of the increasing body and 
shell of the animal, and thereby to render the 
whole so nearly of the weight of water, that the 
difference arising from the membrane of the 
siphuncle being citlier empty, or filled with a 
fluid, may cause the mass to swim or sink.'* 


* The siphancle represented in PI. 31, Fig. 1, illustrates the 
structure and uses of that organ ; in the smallest whorls, from 
d. inwards, it is enclosed by a thin calcareous covering, or 
sheath^ of so soft a nature as to be readily s(;;raped off by the 
point of a quill ; this sheath may admit of expansion or con* 
traction, together with the membraneous tube enclosed within 
& In the fossil Nautili, a similar calcareous sheath is often pre* 
servadyftlfi PI. 32, Figs. 2, 3, and PI. 33, and forms a con- 
nectal^lms of tubes of carbonate of lime, closely fitted to 
tke collar of each transverse plate. In four chambers of the 
O. Y 
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.As neither the siphuncle, nor Uie extemni 
shell have any kind of aperture through which 
a fluid could pass into the close chambers,* it 
follows that these chambers contain . noflung 

t«cent thell (PI. 31, Fig. 1, a. b. c. d.) this sheath is partialljr 
removed from the desiccated membranous pipe within it, which 
has assumed the condition of a black elastic substance, resem- 
bling the black continuous siphuncular pipe that is frequently 
preserved in a carbonaceous state in fossil Ammonites. 

At that part of each transverse plate, which is perforated for 
the passage of the siphuncle, (PI. 31, Fig. 1, y. y.), a portion 
of its shelly matter projects inwards to about one-fourth of tlie 
distance across each chamber, and forms a collar^ around the 
membranous pipe, thus directing its passage through the trans^i^ 
verse plates, and also affording to it, when distended with fluid, 
a strong support at each collar. A similar projecting collar is 
seen in the transverse plate of a fossil Nautilus, (PI. 32, Fig. 2, e, 
and Fig. 3, e, i. and PI. .33.) A succession of such supports 
placed at short intervals from one another, divides this long and 
thin membranaceous tube, when distended, into a series of short 
compartments, or small oval sacs, each sac communicating with 
the adjacent sacs by a contracted aperture or neck at both its 
ends, and being firmly supported around this neck by the collar 
of each trau.sversc plate. (Sec PI. 32, Figs. 2, 3, and PI, 33.) 

The strength of each sac is thus increased by the shortness of 
the distance between its two extremities, and the entire pipe, thus 
subdivided into thirty or forty distinct compartments, derives 
from every subdivision an accession of power to sustain the 
pressure of any fluid tlmt may be introduced to its interior. 

* We learn tiom Mr. Owen, that there was no possibility of 
the access of water to the air chambers between the exteHor 
of this pipe and tlie siphonic apertures of the titinsverse plate| : 
because the entire circumference of the mantle in which the ai» 
pbuncle originates, is firmly attached to the shell horny 
girdle, impenetrable to any fluid . — Memoir on Nautt^ ^Pomj^ 
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more than air> and must consequently be ex- 
posed to great pressure when at the ^tom of 
the sea. Several contrivances are therefore in- 
troduced to fortify them against this pressure. 

First, the circumference of the external shell 
is constructed every way upon the principles of 
ail Arch, (see PL 31, Fig. 1, and PL .32, Fig. 1.) 
so as to offer the greatest resistance to pressure 
tending to force it inwards in all directions. 

Secondly, this arch is further fortified by the 
addition of numerous mimic Ribs, which are 
beautifully marked in the fossil speciiucus repre- 
, sented at PL .32, Fig. 1 . In this fossil the external 
shell exhibits fine wavy lines of growth, which, 
though individually small and feeble, are col- 
lectively of much avail as ribs to increase tlie 
aggregate amount of strength. (See PL 32, Fig. 1 . 
a. to b.) 

Thirdly, the arch is rendered still stronger by 
the position of the edges of the internal Trans- 
verse plates, nearly at right angles to the sides 
of the external shell, (see PL 32, Fig. 1, b. to c.) 
The course of the edges of these transverse plates 
beneath the ribs of the outer shell is so directed, 
that they act as cross braces, or spanners, to 
fortify the sides of the shell against the inward 
pressure of deep water. This contrivance is 
analpi^us to that adopted in fortifying a ship 
for in the Arctic Seas, against the 

pressure of ice-bergs, by the introduction of 
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an extraordinary number of tmtiBTerae beams 
and bulk heads.* 

'W'e may next notice a fourth contrivance by 
which the apparatus that gives the shell its 
power of floating, is progressively maintained in 
due proportion to the increasing weight and bu& 
of tlie body of the animal, and of the external 
chamber in which it resides ; this is effected by 
successive additions of new transverse Plates 
across the bottom of the outer chamber, thus 
converting into air 'chambers that part, which 
had become too smalt fur the body of the Sepia. 
This operation, repeated at intervals in due pro- 
portion to the sucocssive stages of growth of the 
outer shell, maintains its efficacy as a afloat, 

* The disposition of the ciirvatuies of the transverse ribs, or 
lines of growth, in a different direction from the curvatures of 
the internal transverse plates, affonls an example of further cqn- 
trivance for producing strength in the shells both of recent and 
fossil Nautili. As the intfinal Iransveisc plates are convex in'- 
wardSf (see PI. 32, Fig. 1, b. to o.) whilst the ribs of the outer 
shell are in the gi'cater part of their course convex outwards, 
these ribs intersect the curved edges of the transverse plates at 
many points, and thus dhiilc tlum into a series of curvilinear 
parallelograms; the two shoiter sides of each parallelogram 
being formed by the edges of trans\erse plates, whilst its two 
longer sides are formed by segments of the external ribs. The 
same piinciple of construction heic represented in our plate of 
Nautilus hexagonus, extends to other species of its family of 
Nautilus, in many of which the ribs are more minute ; it is also 
applied in other families of fossil chambered shells $%. g. ihe 
Ammonitea, PI. 35, and PI. 38. Scapbites, PJ. 44,' Fig. 15* 
Hamites, PI. 44, Fig. 8—13. Turrilites, PI. 44, Fig, 14, a^ 
Baculites, PI. 44, Fig 5. 
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enlacing gradually and periodically until the 
animal has arrived at full maturity.^ 

, ^ A fifth consideration is had of me<^a^cal 
advantage, in disposing the Distance at which 
diese successive transverse Plates are set from 
one another. (See PI. 31. Fig. 1. and PI. 32, 
Fig. 2). Had these distances increased in the 
same proportion as the area of tlic air chambers, 
the external shell would have been without due 
j^upport beneath tliose sides of the largest cham- 
bers, where the pressure? is greatest : for tliis a 
remedy is provided in the simple contrivance 
of placing the transverse plates proportionally 
nearer to one another, as the chambers, from 
becoming larger, require an increased degree of 
support. 

Sixthly, The last contrivance, which I shall 
here notice, is that which regulates the ascent 
and descent of the animal by the mechanism of 
the Siphuncle, The use of this organ has never 
yet been satisfactorily made out; even Mr. 
Owen's most impormnt Memoir leaves its man- 
ner of operation uncertain ; but the appearances 
which it occasionally presents in a fossil state, 
(See PI. 32, Fig. 2, 3, and PI. 33,)} supply 

^ In a young Nautilus Pompilius in the collection of Mr. 
Broderip, there are only seventeen Septa. Dr. Hook says that 
be baa found in some shells as many as forty. A cast, expressing 
the of a single air chamber, of the Nautilus Hexagonus 
is reflated in PI. 42, Fig. 1. 

f PI. 32, Fig. 2, represents a fractured portion of the interior 
of b Nautilus Hexagonus, having the transverse plates (c.V.) 
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which taken in coi^anction with Mr. 
^0#eh's refHresentation of its termii^ation iii a 
sac surrounding the heart of the animal, 
(P. 34, p, p, a. a.) appears sufficient to dei^e this 
long disputed question. If we suppose this 4ac 
(p, p.) to contain a pericardial fluid, the jdace 
of which is alternately changed from the. peri- 
cardium to the siphuncle, we shall find in this 
shifting fluid an hydraulic balance or adjusting 
{)ower, causing the shell to sink when the peri^ 
cardial fluid is forced into the siphuncle, and to 


encrusted with calcareous spar ; the Siphuncle also is similarly 
encrusted, and distended in a manner which illustrates the 
action of this organ. (PI. 32, Fig. 2, a. a*, a*, d. e. f, 
and Fig. 3, d, e. f). The fracture at Fig. 2, b. shews the dia- 
meter of the siphuncle, where it passes through a transverse 
plate, to be much smaller than it is midway between these Plates 
(aid. e. f). The transverse sections at Fig. 2 a. and b., and 
the longitudinal sections at Fig. 2, d. e. f. and Fig. 3, d. e. f., 
shew that the interior of the siphuncle is filled with stone, of the 
same nature with the stratum in which the shell was lodged. 
These earthy materials, having entered the orifice of the pipe at 
a in a soft and plastic state, have formed a cast which shews the 
interior of this pipe, when distended, to have resembled a string 
of oval beads, connected at their ends by a narrow neck, and 
enlarged at their centre to nearly double the diameter of this 
neck. 

A similar distension of nearly the entire siphuncle by the stony 
ihaterial of the rock in which the shell was imbedded, is seen in 
the specimen «of Nautilus striatus from the lias of Whitby, 
represented at PI. 33. The Lias which fills this pipe, most have 
entered it in the state of liquid mud, to the same extent the 
pericardi€d fluid entered, during the hydraulic action Of die si- 
phuncle in the act of sinking ; not one of the air-chambers has 
admitted the smallest particle of this mod; they are aM filled 
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become buoyant, whenever this.: fluid retum 
>to the pericardium. On this bypothe^.a]^ 
the chambers would be continually filled with 
,air alone, the elasticity of which would readtiy 
admit pf the alternate expansion and contrac>- 
tkm of the siphuncle, in the act of admittij^ 
mr ngectiug the pericardial fluid. 

The principle to which thus refer the rising 
and sinking of the living Nautilus, is the same 
vhich' regulates the ascent and descent of the 
^7ater Balloon : the application of external pres- 

with calcareous spar, subsequently introduced by gradual infil- 
tration, and at successive periods which are marked by changes 
in the colour of the spar. In both these fossil Nautili, the entire 
series of the earthy casts within the siphuncle represents the bulk 
of fluid which this pipe could hold. 

The sections, PI. 32, Fig. 3, d. e. f., shew the edges of the cal- 
careous sheath surrounding the oval easts of three compartments 
of the expanded siphuncle. This calcareous sheath was pro- 
bably flexible, like that surrounding the membranous pipe of 
the recent Nautilus Pompiiius. (PI. 31, Fig. I, b. d. e.) Tire 
continuity of this sheath across the air chamliers, (PI. 32, 
Figs. 2, d. e. f. Fig. 3, d. e. f. and Pi. 33), shows that there 
was no communication for the passage of any fluid from the 
siphuncle into these chambers: had any such existed, some 
portion of the fine earthy matter, which in these two fossils 
forms the casts of the siphuncle, must have passed through it 
into these chambers. Nothing has entered them, but pure crys- 
tallized spar, introduced by infiltration through t)ie pores of the 
shell, afler it had undergone sufticient decomposition to be per* 
cidated by water, holding in solution carbonate of lime. 

, l^^same argument applies to the solid casts of pure crys- 
ialUMi carbonate of lime, which have entirely filled the cham- 
« bars of the apedmen PI. 32, Fig. I ; and to all fossil Nautili and 
Aopnoonites, in which the air chambers are either wholly void, or 
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suf^ tMraugh a membrane that coaeratlie eelamn 
oliwater in a tall forces. a portkm this? 
water into the cavity, or single airtchanibm* of ^ 
the balloon, which imihediately begins ^to»aink^» 
on the removal of this pressure, the elastici€y ^ 
of the compressed air causing it to return to its 
former volume, again expels the water, and the 
balloon begins to rise.^ 

I shall conclude this attempt to illustrate the 
structure and economy of fossil Nautili b3| 
those of the living species, by shewing in w'hat 
manner the chambers of the pearly Nautilus, 
supposing them to be permanently filled oa/y 
with air, and the action of the siphuncle, sup- 
posing it to be the receptacle only of a fluid 
secretion, interchanging its place alternately 
from the siphuncle to the pericardium, would 
be subsidiary to the movements of the animal, 
both at the surface, and bottom of the sea. 

First, The animal was seen and captured by 

partially, or entirely filled with pure crystallized carbonate oj 
iime. (See PI. 42, Fig, 1, 2, 3, and PI. 36). In all such cases, 
it is clear that no communication existed, by which water couk 
pass from the interior of the siphon to the air chambers. Wher 
the pipe was ruptured, or the external shell broken, the earthy 
sediment, in which such broken shells were lodged, finding 
through these fractures admission to the air chambers, has fiUe< 
them with clay, or sand or limestone. 

• The substance of the siphuncle is a thin and strong mens 
brane, with no appearance of muscular fibres, by which 
contract or expand itself; its functions, therefore, mui^ haw 
been entirely passive, in the process of admitting or ejecting an] 
fluid to or from its interior. — See Owen’s Memoir, p. 10. 
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floating at the eurface^ with the ^ 
appear porticm the shell raised above the water^^ ^^ 
and kept in a vertical position by rn^ns of the ^ 
iacliided air (see Ph 31. Fig. 1.); this position 
is best adapted to the retrograde motion, which 
a j^pia derives from the violent ejection of 
water , through its funnel (k) ; tlnis far, the air- 
chambers, serve to maiulaiii both the shell and 
body of the animal in a state of e(piilibriuin at 
0e surface. 

Secondly, The next point to be considered is 
the mode of operation of the siplunicle and air- 
chambers, in the net of sinking' suddenly from 
the surface to tlie bottom. These arc explained 
in the note subjoined.* 

* It appears from the fipfurc of the animal, PI. M4. witli which 
1 have been favoured by Mr. Owen, that the upper extremity 
of the siph uncle marked by the insertion of the prol>c b., termi^ 
nates in the cavity of the pericardium p, p. As this cavity may 
contain a fluid, more dense than w'atcr, excreted by the glandular 
follicles d. d., and is apparently of such a size that its contents 
would suflice to All the siphuncle, it is probable that this^ fluid 
forms the circulating medium of adjustment, and regulates the 
ascent or descent of the animal by its interchange of place from 
the pericardium to the siphuncle. 

When the arms and body are expanded, the fluid remains in 
the pericardium, and the siphuncle is empty, and collapsed, and 
surrounded by the portions of air that are permanently confined 
within each air-chamber; in this state, the specific gravity of the 
body and shell together is such as to cause the animal to rise, 
and be sustained floating at the surface. 

Wlkiii, on any alarm, the arms and body are contracted, and 
drawn Into the shell, the retraction of these parts, causing pres- 
sure on the exterior of the pericardium, forces its fluid contents 
downwards into the siphuncle; and the hulk of the body being 
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l^ijtUy, It remains to consider the effect cff 
4td <air, supposing it to be retained eontmually 
widiin tlie chambers, at the bottom the sea. 
Here, if the position of tlie moving animal ‘be 
beneath the mouth of the shell, like that of a 
snail as it crawls along the ground, the air witlnli 
the chambers M ould maintain the shell, buoyant, 
and floating over the body of the animal hi a 


thus dimtqishetl, without increasing^ the bulk of the shelly 
whose cavities tiie fluid is withdrawn, the specific gravity of the 
whole mass is suddenly increased, and the animal begins to sink. 

The air within each chamber remains under compression^ as 
long as the siphuncte continues distended by the pericardial 
fluid; and returning, by its elasticity, to its former state, as soon 
as the pressure of the arms and body is withdrawn from the 
pericardium, forces the fluid back again into the cavity of this 
organ ; and thus the shell, diminished as to its specific gravity, 
has a tendency to rise. 

The place of the pericardial fluid, therefore, will be always in 
the pericaixlium, excepting when it is forced into and retained in 
the siphtincle, by muscular pressure, during the contraction of 
the arms and body closed up within tlie shell. When these are 
expanded, either on the surface, or at the bottom of the sea, 
the water will have free access to the branchia*, and the move- 
ments of the heart will proceed freely in the distended pericar- 
dium ; which will l)c emptied of its fluid at those times onlt/, when 
the body is closed, and the access of water to the braiichife con- 
sequently impeded. 

The following experiments shew that the w-eight of fluid requi- 
site to be added to the shell of a Nautilus, in order to make it 
sink, is about half an ounce. 

I took two perfect shells of a Nautilus Pompiiius, each weighs 
ing about six ounces and a half in air, and measuring about seven 
inches across their largest diameter; and having stopped the 
Siphuncle with wax, 1 found that each shell, when placed in fresh 
water, required the weight of a few grains more than an onneeto 
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mitieal poftitioii, with little or &o nmsculair 
tidn» a»id leave the creature at ease to regulate 
the movements of its tentacula (p) in crav^ibg 
amd setaing its prey.* 

Dr* Hook considered (Hook's Experiments, 
®vo. 1726, page 308) that tlie air chambers 
were jfiUed alternately with air or water ; and 
Parkinson (Organic Remains, vol. iii. p. 102), 
admitting that these chambers were not ac- 
^possible to water, thinks that the act of rising 
or sinking depends on the altetmate introduction 
of air or water into the siphnncle; but he is at 
a loss to find the source from which this air 
could be obtained at the bottom of the sea, or to 

make it sink. As the shell, when attached to the living animal, 
was probably a quarter of an ounce heavier than these dry dea4 
shells, and the speciiic gravity of the body of the animal may 
have exceeded that of water to the amount of another quarter of 
an ounce, there remains about half an ounce, for the weight of 
fluid which being introduced into the siphunclc, would cause 
the shell to sink ; and this (|uantity seems well proportioned 
to the capacity both of the {>cricardtum, and of the distended 
siphuncle. 

* If the chambers were filled with water, the shell could not 
be thus suspended without muscular exertion, and instead of 
being poised vertically over the body, in a position of case and 
safety, would be continually tending to fall Hat upon its side ; 
thus exposing itself to injury by friction, and the animal to 
attacks from its enemies. Uumphius states, that at the bottom, 
He creeps with his boat above him, and with his head and 
barbs (tentacula) on the ground, making a tolerably quick pro- 
gress* I have observed that a similar vertical position is main* 
tamed by the ahell of the Planorbis cortieus, whilst in tiie act of 
crawling at the bottom. 
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explain in what manner the aniini^ effected 
those modifications of the tube and iU contained 
air^ on which the variation of its buoyancy 
depended*”^ The theory which supposefi^ 
chambers of the shell to be permanently filled mthl 
air, alonCj and the siphuncle to be the organ whia^ 
regulates the rising or sinking of the animd^ l^ 
changing the place of the pericardial 
adequate to satisfy every hydraulic condition qi 
a Problem that has hitherto received no satisr 
factory solution. 

I have dwelt thus long upon this subject, oi| 
account of its importance, in explaining the 
complex structure, and hitherto imperfectly un- 
derstood functions, of all the numerous and widely 
disseminated families of fossil chambered shells, 
that possessed siphunculi. If, in all these fami- 
lies, it can be shewn that the same principles 
of mechanism, under various modifications, liave 
prevailed from the first commencement of or- 
ganic life unto the present hour, we can hardly 
avoid the conclusion which would refer such 
unity of organizations to the will and agency 
of one and the same intelligent First Cause, and 
lead us to regard them all as emanations of 
that Infinite Wisdom, that appears in the shape 
,and structure of all other created beings/’t 

* The recent observations of Mr. Owen shew, that diere is ad 
gland connected with the siphuncle, similar to that which j| 
supposed to secrete air in the air-bladder of fishes. 

f Dr. Hook*6 Experiments, p. 306. 
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^ >LMMONlT£«. 
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Having entered thus largely into the history of 
llte Medhanism of the shells of Nautili, we have 
ifiSleby prepared ourselves for the consideration 

that of the kindred family of Animonites, in 
which all the essential parts are so similar in 
principle to those of the shells of Nautili, as to 
leavd Go doubt tliat they were subservient to a 
like purpose in the economy of the numerous 
extinct species of Ccphalopodous Molliisks, from 
which these Ammonites have been derived. 

Geological Distribulion of AmmoniteH, 

The family of Ammonites extf rids through the 
entire series of the fossiliferous Formations, from 
the Transition strata to the Chalk inclusive. 
M. Brochaiit, in his Translation of De la Beche’s 
Manual of Geology, enumerates 270 species; 
these species differ according to the age of the 
strata in which they are found, i and vary in 

t Thus one of the first forms under which this family appeared,^ 
the Ammonites Henslowi, (PI. 40, Fig. 1), ceased witli the 
Trenjpi^n formation; the A. Nodosus (PI. 40, Figs. 4, 5.) 
I>egaii 'apd terminated its period of existence with the Muschel* 
Other genera and species of Ammonites, in like manner, 
Iwf hi ^d end with certain definite strata, in the Oolitic and Ore* 
formatioiis; e. g. the A. Bucklandt (PI. 37, Fig. 6.) it 
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sizB fiom a line toymore than fowli^t in di* 
airaeter.* . ^ 

peculiar to the Lias ; the A. Goodhalli to the (^reensatid ; and the 
A. RufticuB to the Chalk. There are few, if any, apedes which* 
extend through the whole of the Secondary periods, or wld^ 
have passed into the Secondary, .from the Transition period. 

The following Tabular Arrangement of the distribution of 
Ammonites, in different geological formations, is given by. 
fessor Phillips in his Guide to Geology, 1834, p. 77^ 

SUB-GENERA OF AMMONITES. j ,. 


LIVING SPECIES. 

Goniatites. | 

Ceratites. | 

Arietes. ] 

Falciferi. 

'53 

S 

< 

Capricorn i. 

Planulati. 

Dorsati. 

Coronarii. 

Macrocephali. 

i 

B 

1- 

< 

j 

1 

O 

f: 

S 

S': 

In Tertiary strata .... 
Id. C retaceous system. 




2 

4 



.. 


9 

14 

13 

4 


3 

In Cl^litic system. . • • 



.. 

22 

27 

12 

2(3 

5 

11 

n 

11 


3 

In Saliferous system . 
Carboniferous sys- 
tem. 

7 

3 

. . 

12 






{ In Primary strata . . 

17 




1 











Total, 223 species. 


** It is easy to see how important, in questions concerning the 
relative antiquity of stratified rocks, is a knowledge of Ammo- 
nites, since whole sections of them are characteristic of certam 
systems of rocks.” — Phillips’s Guide to Geology, Svq. 1834, sec. 82. 

X The strata here termed primary are those which, in the 
Section, (PI. 1), 1 have included in the lower region of the iran^ 
iition series. 

♦ Mr. Sowerby (Min. Conch, vol. iv. p, 79 and p. 81,) and 
^Mr. Mantell speak of Ammonites in Chalk, having a diameter 
of l^roe feet. Sir T. Harvey, and Mr. Keidi Mtines, have re- 
cently measured Ammonites in the Chalk near Margate^ which 
exceeded four feet in diameter ; and this in cases where the 
diameter can have been in a v&ry small degree enlarged hy 
pressure. 







. ^OOKAFHICAL DISTBlBVTlOm ' 30 ^ 

It ii needteis here to spe«^ate eitlieron the 
Idiysical, or final causes, which produced these 
cturious changes of speciesi in this highest ordler 
of the Molluscous inhabitants of the seas, during 
some of the early and the middle ages of geolo- 
gical chronology ; but Ihe exquisite symmetry, 
beauty, and minute delicacy of structure, that 
pervaae each variation of contrivance throughout 
several hundred species, leave no room to doubt 
the exercise of Design and Intelligence in their 
ooostruetion ; although we cannot always point 
out the specific uses of each minute variation, in 
the arrangement of parts fundamentally the 
same. 

The geographical distribxition of Ammonites 
in the ancient world, seems to have partaken of 
that universality, we tind so coninion in tha ani-' 
mals and vegetables of a former condition of our 
globe, and which differs so remarkably from 
the varied distribution that prevails among exist- 
ing forms of organic life. We find, the same 
genera, and, in a few cases, the same species of 
Ammonites, in strata, apparently of the same 
age, not only throughout Euro{>e, but also in 
distant regions of Asia, and of North and South 
America. 


Dr. Gerard has discovered at the elevation of sixteen thou- 
sand feel m the Himmalaya Mountains, species of Amtnontfes, 
g. A J Walcott, and A. Communis, identical with those of the 
liib at Whitby mid Lyme Re^s. He has also found in the iame 
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Hence we infer |hat during the Secondary and 
Transition periods a more general distribntimi of 
the same species, than exists at present, pre- 
vailed in regions of the world most remotely 
distant from one another. 

An Ammonite, like a Vantilus, is composed of 
three essential parts: 1st. An external shelly 
iismdiy of a flat discoidal form, and haring its 
surface strengthened and ornainc'nted with ribs 
(see PI. 35, and PI. 37.; ‘ind. A series of internal 
air rlimnhcrs formed by transvcrsci plates, inter- 
seeling the inner portion of tlio shell, (see Pi. 36 
and 41 \ 3r(l. A siplmncle, or pipe, commenc- 

ing at the bottom of th<‘ outer ehambcr, and 
thence passing through tin* entire series of air 
ehambers to tin' inin rniost extix inity of the shell, 
(sec 3(», (1. ('. f. g. h. i. In eaeJi of these 
parts, theiH* are (evidences of mechanism, and 


rebratulfi’, anU oth* r Bivalvvs, that occur m the Oolite; 

thereby establishing’ the existence of xhv Uvis; and Oolite forma- 
tions in that elevated and distant re'^KUi of the uoild. lie has 
also collected in the same Mcuinl.uns, shells of the^ genera Spirifer, 
Producta, and TcubriUnbi, wlm h occ’nr in the Transition for- 
mutions (»f iMiropr and Anurn a 

The (iirm'and of New .fersvv also ccnituins Ammonites mixe<l 
with Jlamiics and ScapJdtcs. as in the fiicettsand of England, 
and (’aptam Bcecla-y and I.iimteiiant Belcher found Ammonites 
on the coast of ( hdi. in Lat. .‘IG. S. in the Clift's near Concep- 
tion ; a frac:mem of one of those Antmonites is preserved in the 
Muaeiim of Haslcr Hospital at Gosport. 

Mr, Sowerby possesses fossil shells from Brazil resembling those 
of the Inferior Oolite of Euiiland. 



AtiMONITES WERE EXTERNAL SHELLS, 

cot^seqneiHiy of dosigii, a fe^ of which I slmll 
endeavour briefly to point out. 

External Shell, 

The use and place of the shells of Ammonites 
' has much j)€rplexeil geologists and conchologists, 
Cuviar and Lainan'k, guided b} the analogies 
affiordid by the Spirilla, sujiposi'd tlu^u to be 
internal shells.* There is, hoM(‘\er, good reason 
to believe that they were ( ntircly external, and 
that the position of the hod\ of the animal w'ithin 
these shells was analogous to that of the inha* 
bitant of the JSautilus Poinpiltus. (S<»e PL 31, 
Fig. 1). 

* The small rice's of tin outd < l»amh< i, oi pi k i of lodgment 
for the aniniiil, is Iw ( u\iu in fivoni of his opinion 

that Ammonites, like tiu Spiuila, weic internal sbtih. 'Hus 
reason is probably foiiii<hd on obhetvntioiis niadi upon nn- 
pcrfcit spiLinuns Tlu out< i <haml«r of Animc>mtts m \eiy 
seldom prcsirvod in a jHTf«(t st it< , but \\ In n this happetiH, it 
IS found to l»eai at hast as hr,re a proportion to the cham* 
bered part of the .hell, as tin outer cell of tlu N Poinpiliiis 
beais to the chamlieicd intenor of that shell. It often occupies 
more than half, (sec PI, a. b. c d.) and, in some cases, 
the whole circuinferencf of the outer whod. This open chamber 
IS not thin and feeble, like thi long anterior ihamber ot the 
Spirula, which is placed AMthin thelK)dyof thr animal producing 
this shell; but is nearly of equal thickness with the sides of 
the close chambers of the Ammonite 

Moreover, the margin of the matiiie Ammonite is in some species 
reflected m a kind of scroll, like the thickened margin of tlic shell 
of tlie garden snail, giving to this part a stiength which would 
apparently be needless to an internal shr II. (See PI. 37, Fig. J, d.) 

*Rie presence of spines also in cfrtain specif s, (as m A. 
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Mr. De la Bech^ has shewn that the mineral 
condition of the outer chamter of many Ammo- 
nites, from tlie Lias at Lyme R<^is, proves that 
the entire body was contained within it; and 
that these animals were suddenly destroyed and 
buried in the earthy sediment of which the lias 
is composed, before tlieir bodii's had either un- 
dergone d«?eay, or been devoured by the mista- 
c‘eous Carnivora with whicli the bottom of the 
st*a then abounded.^ 

As all these shells served lli(‘ double office of 
affording prott^etitui, and aeting as floats, it was 
necessary that tlu'V should h(‘ thin, or they 
would Iiavt? been too iu av v to rist‘ to the surface : 
it was not l('ss ue< essurv that tin v should be 
strong, to resist pressure' iit tlu' ])ottom of the 
sea; and accordingly we find them fitted for this 
douhh' fuiietiou, by the disposition of tlit'ir ina- 


Arnuitus A. SowtMl>ii,) allurds a stroui; ariiuinfut aj^ainsl Ibe 
theory of their leaving been iuleniat shells. Tht*sf‘ spines which 
have nil obvious use for pruleetion, jf placed externally, would 
st'eiii to have been useless, and perbap.s no\ioif$ in an internal 
position, and an* witlumt example in any iniertt^tl structure with 
U'hicb we are aeijuainti^l. 

* 111 the Ammonites in question, the outer extremity of the 
fin*t ji^reat chamhei in which the bi dy of the animal was con- 
tained, is tilh'd with stune mil) to a small dcptli, (see PI. 36, 
from a. to h.) ; tln' renuiiiuh r nf this ehainher from b, to e,, is 
oceupunl by brown ealeareoiis spar, which has been ascertained 
by Dr. Prout to owe its colour to the presence of animal matter,^ 
-whilst the internal air ehafiil)ers and siphuncle are hiled with 
^ure wliite spar. The extent of the brown entcareous spar, there- 
Ibre, in tJie outer chamber, represents tlie space whicl| was 
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tei#ts, 10 a inanner calculated to combine light- 
neat and buoyancy with strength. 

First, Hie entire shell, (PI. 35,) is one Con- 
tinuous arch, coiled spirally around itself in such 
a manner, that the base of the outer whorls rests 
upon the crown of the inner whorls, and thus 
the 1^1 or hack is calculated to resist pressure, 
in the same inanner as the shell of a common 
hen’s egg resists great force', if applied in the 
direction of its longitudinal <liainetcr. 

Secondly, besides this general arch-like form, 
the ^ell is further strengtheiiod by the insertion 
of riAif, or transve rsc' arches, whic h give to many 
of the species their most ( liaracteristic feature, 
and produce in all, lliat peculiar lu'anty which 
invariably accoiii[)anics the? syniinctrical rcjieti- 
tion of a scric's of spiral cairvc^s. See PI. 37, 
Figs. 1 — 10.) 

From the disjiosilion of these ril)S over the 


Mjrupieil bv tlu* l>o<lv ol iht* ;utiai;»I al’lor M had shrunk within 
its shell, at the moment of its tlealh, heaving void the outer 
portion only ojyits <’h;tml>ej, from a. to b., t«> receive tlie muddy 
sediment in whrai the sln ll was indxsldcfl. 

I have many sjH'cimms from the lias of \Vhitby, of the Am- 
cnonit^s Comm unis, in which the outer chamber thus filled with 
jpar, occupies nearly the entire last whorl f>f the shell, its largest 
extremity only being filled with lias. From specimens of this 
[tind we also learn, that the animal inhabiting the shell of an 
Ammonite, had no ink bag ; if such an organ existed, traces 
>f its colour must have Iwen found within the cavity which con- 
tained the body of the animat at the moment of its death. The 
pfrotectioti of a shell seems to have rendered the presence of mi, 
ink|l|psttperflnous. 
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surface of the external sheU, tha*e k^me me- 
chanical advantages for increasing its strength, 
founded on a principle that is practically applied 
in works of human art. The principle I allude 
to, is that by which the strength and stiffness 
of a thin metallic plate are much increased by 
corrugating, or applying to its s^irface. 
A common pencil-case, if made of corrugated or 
fluted metal, is stronger tlian if the same quan- 
tity of metal were disposed in a simple tube. 
Culinary moulds of tin and copper are in the 
same way strengiliened, by folds or fiutings 
around their margin, or on their convex surfaces. 
The recent applicvation of thin plates of corru- 
gated iron to the purpose of making self-sup- 
porting roofs, in which the corrugations of the 
iron supply the place, and combine the power of 
beams and rafters, is founde^l on the same prin- 
ciple that strengthens the vaulted shells of Am- 
monites. In all these cases, the ribs or elevated 
portions, add to the plates of shell, or metal, 
the strength resulting from the convex form of 
an arch, Avithout materially increasing their 
weight ; whilst the interimHliate depressed parts 
between tlu*se urclu's, are suspended and sup- 
ported by the tenacity and strength of the 
material. (See PL .17, Figs. 1 — lO.^) 


* The figrures cn^j^raved at PI. 37, afford examples of varknia 
coutnvances to give strength and beauty to the external shell. 
The first and simplest mode, is that represented in PI. and 
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The general principle of dividing and sub- 
dividing the ribs, in order to multiply supports as 
the vault enlarges, is conducted nearly on the 
same plan, and for the same purpose, as the 
divisions and subdivisions of the ribs Ixnieath 
the gram wotk, in the flat vaulted roofs of the 
florid Gothic Architecturi*. 

Another source of strength is introduced in 
^any species of Ainmoniti^s by the (‘le\alioii of 
parts of the ribs into little doiiu'-slnipt d /w/wr- 

Pl. J7, Fig 1 and h ll<r< t uh nb is single , and t \ti ndsovci 
tbe whole surf icc iKtomin^ gi iduillv wnUi, as tin. space, tii- 
lances towards tin onti i inu^iti oi bnk ot tbo slu II 

The next \ariition is tint (PI 17, Pigs 3, 7, 0 ) 

where the ribs onguntinj! singl\ on tin mini Ina^glIl, soon bi- 
fuicate into two ribs th it txtuid outwirds, and Unmnati upon 
the dorsal ktel 

In the third cast (PI )7. Tig l)» tin ribs, origin ite simply, 
and bduKatiiig is the slull tnlu„<s, t \t( nd this bihirtation 
entirely around its < in ul u bnk Btiwun taih pun ol bdur- 
caltsl libs, a limd oi auviliii) short iih is iitUrposcd, to hll up 
the enlarged span on tin <loisd poition whin thi slull m 
broadest 

In a fourth inudifn alion, ( Pi 17, 1 ig I), tin iibs, originating 
singly on the intirual m ugin, soon bcionn tritiiriate, and 
expand outwards, around tin ukuIu bick oi tin shdl. A 
perfcit mouth of (Ins slull is ripifsmtid at PI 17 Pig i, d 

A hfth case is that (PI 37, 1 >,) in whn h tin simple nl) 
becomes trifun ate as the spue tnlargts, and one or more 
auxiliary short rths ait also interposed, bctwi ( n « a( h trifurcation 
These subdnisions ait not dlwa>s inuntnncfl with iiuiruncul 
fidelity through csti) individu il ol tl t s um us, noi over the 
whole surface oi tlu same full, tluinisi, iiimivtr, h always 
the same, viz to fo\ci and stn iiglln n those >p«ic(.s which 
expansion of tbe shdl towariN tu> outer urcumfi rem c, would 
have rendered we«ik without the aul of some such < ompensation 
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cj^ or bosses, thus superadding thje strength of 
a, dome to tliat of the simple arch» at each pouit 
^here these bosses are inserted.* 

The bosses thus often introduced at the origin^ 
division, and termination of the ribs, resemble 
those applied by architects to the intersections of 
the ribs in Gothic roofs, and are much more eflBi- 
cient in producing strength, j These tubercules 
have the effect of little vaults or domes ; and they^ 
are usually placed at those parts of the external 
shell, beneath ^hich tlu re is no immediate sup- 
port from the* internal transverse jdates (see 
PI. 37, Fig, 3. PI. 1*2, Fig. 3. c. d. e. aiid PI. 40, 
Fig. 5.)t 

* 

* These filares aio ummIIn t itliei at the point of lufureation, 
as in PI. 37, 2, 7, i), 10, oi at the point of tiifurealion, as 

in Fip:. 3. 

t The rilis and Iuksmn m \.iitl(ed loofs projeet beneath the 
under surfaco of tlio au li ; in the shells ol Ammonites, they are 
raised alnyrr the convex suifart. 

J fn PI. 37, Fij;. 0 (A. vaiianst, the strength of the ribs and 
proportions of thetubercdosarc variable, but the {:jciuTal character 
exhibits a triple sciics of lai^c tubcrch’s, iisin^ from the surface 
of the transverse iilxs. Each of thcM ribs coiiuxicnces with a 
smuU tuherck* near the inner tnar^in ol the shell. At a short 
clistancc outwards is a second and huvrci tulnu lc, from which 
the rib bifurcates, and terminates in a third tubercle, raised at 
the extremity of each f«>rk upon the doisal margin. 

Many species of Ainniomles have also a dorsal ridp;e or keel, 
(PI. 37, Figs. 1 . 2. d.) passing along the back of the shell, imme* 
igj^iately over the siphunrlc, and apparently answering, in some 
Upases, the further purpose of a cut-walcr, and keel (PI. 37, Figs. 
7l, $.). In certain specie^, t. g. in the A. Iaulu^ (PI, 37, 
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Simtiar tubaklea aire introduced wifti the same^ 
advantage of adding Strength as well as Beatity 
in many other cognate genera of cbainbet^ 
shells. (PI. 44, Fig. 9 . 10. 14. 15.) 

In all tliese cases, we recognize the exercise of 
Discretion and liconoiny in the midst of Abun- 
dance; distributing internal supports but spar- 
ingly, to parts whicli, from their external fdnii, 
were already strong, and dispensing them ulnin- 


Fig. 7, a. c.) there is a duiihie kee l, prinhaHMi hy a «ler|) depres- 
sion along the dorsal inaririn ; and tlie keels are loilihed by U 
line of tubercles placed at the i xtroinily of the transverse ribs. 
In the A. variuns (Pi. .17, H. a. b. «•.) \\l»uh has a triple keel, 
the two external ones aje l*oriitie<l by lubereli s, as in I’ig. 7, and 
tlie central keel is a simple etnivex areii. 

PI. d7, Pij;-. 8, otl'ers an example of domes, or bosses, com- 
pensating; the weakness that, witlioiil them, would t'xist in tho 
A. catena, from the minuteness of its ribs, and the flatness of 
the sides of the sliell. Tliesr flat parts aie all snpp(>rted by uu 
abundant distribution of tin* ed;j:e.s of the tiansviTsc plates 
directly Inmeuth them, wlnUt those parl^ which are elevated into 
bosses, boiinjc Miflicienlly strong;, aie but ^li^htly provided with 
any other sujiport. The back of this shell also, being; nearly flat, 
(PI. :i7. Pig. 8. b. c.) is stion-h supporloil by ramifications of 
the transverse plates. 

In Pi. 37, Fig;, d, which has a triple keel, (that in the centre 
passing over the siphunele), this triple eleviitiou affords eon)|w*u> 
sation for the weakness that would otherwise arise from the great 
breadth and flatness of the dorsal portion uf this spc^cics. Be- 
tween these three keels, or ridges, are two depressions or dorsal 
furrows, and as the.se furrows form tlie weakest portion of the 
a coni pensiit ion is provided by eonduetiiig benealb theni 
tlie denticulated edges of tlie transverse plates, so timt they j>re« 
sent long lines of resistance to I'xiernal prc'^suic. 
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di^tly beneath those parts only, which without 
them, would have been weak. 

We find an infinity of variations in the form 
and sculpture of the external shell, and a not 
less beautiful variety in the methods of internal 
fortification, all adapted, with architectural ad* 
vantage, to pro<liice a combination of Omameut 
with Utility. The ribs also are variously multi* 
plied, as the increasing spac<i demands increased 
support ; and are variously adorned and armed 
with domes and bosses, w herever there is need 
of more than ordinary strength. 


Transverse Plates, and Air Chambers, 

The uses of the internal air chambers w ill best 
l)e understood by reference) to our figures. PI. 

reprcscjits a longitudinal section of an Am- 
monite bisecting the transverse plates in the 
central line w here tlicir curvature is most simple. 
On each side of tliis line, the < urvature of these 
plates become more comj>licated, until, at their 
termination in the external si n il, they assume 
a beautifully sinuous, or foliated arrangement, 
resembling the edges of a parsley leaf, (Pi. .38), 
the uses of which, in resisting |>ressure, I sliall 
further illustrate by the aid of graphic repre- 
sentations. 

At PI. 3f>, from d. to e. we see the edges 
of the same transverse plates which, in PI. S6, 
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are simple curves, becomiug foliated at t%ir 
junction with the outer shell, and tluis distri^ 
bating their sup|>ort more equally beneath all 
its parts, than if these simple curves hud been 
continued to Uie extremity of the transverse 
plates. lu more than two hundred known 
species of Ammonites, the transverse plates pre- 
sent some beautifully varied modifications of 
this foliated expansion at (heir edge^s; the eflect 
of which, in every ease, is to inert'ase the 
strength of tlie outer sliell, by muUiplying the 
subjacent points of resistance to external pres- 
sure, We know that the pressure of the sea, at 
no great depth, will force a cork into a bottle 
filled witli air, or crush a hollow cylinder or 
sphere of thin copper; and as the air chambers 
of Ammonites were subjiect to similar pressure, 
whilst at the bottom of the s<‘u, they retpiirod 
some |>eculiar jjrovision to preserve them from 
destruction,* mor<; csjiecially as most zoologists 

* Captain Smylti iVunifU on two trials, that the <’ylindrical 
copper air tul)e, under the vane atlaelicd to Massey’s patent lo,^, 
collapsed, and was crushed (pnte tint under a pnissuro of about 
three hundred fathoms. A claret bottle, fill(‘(l with air, and well 
corked, was burst before it had <leseendefl four hundred fathoms. 
He also found that a bottle tilled with fresh water, and corked, had 
the cork forced at about a hundred and eij^hty fatlutms bcltrw 
the surface ; in such rases, the Huid sent down is replaced by 
salt water, and the cork which had been forced in, is sometimes 
inverted. 

Captain Beaufort also informs me, that he has frequently sunk 
corked bottles in the sea more than a hundred fathoms deep, 
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that they existed at great deptrtsi^ dans 
les grandes profoadeurs des mers/’^ 

Here again \vc find the inventions of art 
anticipated in the works of nature, and the same 
principle applied to resist the inward pressure of 
the sea u[>on the shells of Ammonites, that an ‘ 
cmginei^r makes use of in fixing transverse stays 
Imneuth tin; ])lanks of the wooden centre on 
which he builds his arch of stone. 

The disposition of these supports assumes 
throughout tlu^ family of Aininonites a different 
arrangeinent from tin; iin)rc simple curvature of 
the <*dges of the transverse plait's within the 
shells of Nautili ; and we find a probable cause 
for this variation, in tin; comparativt' thinness of 
the onttT sindls of many Ammunitt's; since this 
external weakut'ss creates a ut‘ed of more inter- 
nal suj)port uiult!!' the prt.'ssnre of dt't'p water, 
tlian was retpiisite in the stronger ami thicker 
shells of Nautili, 

This support is c'fiected by causing the edges 
of the transverse plate s to tli;viate from a simple 

sonU‘ of tlKin oniply, ainl ruutainiiiu* a Huid. The empty 

l)Oltlc‘s were sonu'liiiu's at <ulu r limes, the cork wtis 

forced in, and l!ie bottle return ‘<l full of yea \val<*r. The cork of 
the boUles conlainiivj: a Hui»l \v,-ts unifonuly forced in, and the 
fluid cM-hanjxed for sea water; the cork was always returned to 
the neck of the buttle, sometimes, but not always, in an invertc*d 
position. , 

^ See laimarek, who f iles IVutruieres with approUition on thut ^ 
— Aniiitaux sans : Vert : ><»l. vii. p. 
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curve, iuto a variety of attenuated ramificatiops 
and undulating sutures. (See PL 38, and PL 
37, Figs. 0, 8). Nothing can lu‘ more beau- 
tiful than the sinuous windings of thestj suture 
in many species, at their union with the exterior 
shell; adorning it with a succession of most 
graceful tbrms, reseniblintr fesiot>ns of foliage, 
and el^ipant embroidery. When these thin septa 
are convert<‘d into iron pyrite s, their edges ap- 
pear like gol(k‘n tiligran(‘ work, meandering 
amid the pellucid spur, that tills the chambers 
of the shell.* 


* The A. Ilctorojihyllu'x, IM. lalkd fioni the appa- 

rent rH'Ciirrencc of two <litr« ivui forms of folia^i*; its laws of 
dentation arc the same as in otlu r AiniiKmites, luit tie* ascending 
secxMidary saddles (IM. 'IS. S. S.^ uhieh, in all Ammonites tin* 
round, are in this sjn ctes Ion.:* i than onlin.irv, atid eateh attention 
more than the di'seemlm.: points of tin* h>lh*s, (PI. *iS. <1. 1.) 

The ( 1 ^: 0 res of the edm* of one liaiisM r.*'(‘ plate an*r('peated in 
ea«di successive plate. The animal, as it fMilaiL’<'d its shell, tiuit* 
Icavinjjj behind it a new ehamlu-t, nnne rapacious than the 
last, so tlial ti»e edges of the plates never interfere or become 
eutanjjled. 

AUhoujrh the p.ittern on tin; .surfaee of fliis Ammonite m 
apparently so complicated, tin* number of lian.^versi* plale.s is 
blit sixteen in one revolution of the shell ; m ihi.s, as in almost 
all other cases, the extreme beauty ami eU ’^unce of lire foliatioiKs 
result from the repetition, at regular inleiAals, of one symme- 
trical system of forms, vi/,. tho.'^e presented by tin* external 
margin of a sinjijle transverse plalc. No traee of these foliutionw 
, is seen on the outer surface of the external shell. (See 
FI. 38, c.) 

Tbe figures of A, obtusn.s, (Pi. and PI. fb), shew the rela- 
lions between the external shell and tire nrlernal transit ri-r* paW, 
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The shell of the Ammonites Heterophylius 
(PI. 38, and PI. 39,) affords beautiful exemplifi- 
cations of the manner in which Uie mechanical 
strength of each transverse plate is so disposed, 
as to vary its support in proportion to the dif- 
fe^nt degrees of necessity that exist for it in 
different parts of the same shell.* 

titibtis of an Ammonite. PI. 35 represents the form^f the exter- 
nal shell, wherein the ]>o(Jy occupied the space extending from 
a. to c., and corresponding with the same letteis in PL E. 36. 

This species has a single series of strong ribs passing obliquely 
across the shell of the outer chamber, and also across the air- 
chambers. From c. to the inmost extremity of the shell, these 
ribs intersect, and rest on the sinuous edges of the transverse 
plates whicAi form the air chambers. These edgtis are not seen 
where the outer shell is not removed. (PL 35, e.) A small 
portion of the shell is also preserved at PL 35, b. 

From d. inwards, those sinuous lines mark the terminations of 
the transvense plates at tluur jtmetion with tlu'. external shell ; 
they arc not coincident with the <lireelion of the ribs, and there- 
fore more effectually co-operate with them in adding strength to 
the shell, by affording it tlu' support of a series of various props 
and buttresses, set nearly at light angles to its internal surface. 

* Thus on the back or keel, PL 39, from V. to B., where the 
ghell is narrow, and the strength of ii> arch greatest, the intervals 
between the septa arc also greatest, and their sinuosities com- 
paratively distant ; but as soon as the ffaltened sides of the same 
shell, PL 38, assume a form that offers less resistance to external 
pressure, the foliations at the edges of the transverse plates 
approximate more closely ; as in the tlutler forms of a Gothic 
roof, the ribs are more numerous, and the tracery more com- 
plex, than in the stixmgcr and more .simple forms of the pointed 
arch. 

The same principle of multiplying and extending the ramiff^- 
\:tibns of the edges of the transverst' plates, is applied to 
tpecies of Ammonites, in which the &idcs are flat, and require^' 
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At Plate 41. we have a rare and most beautiful 
example of the preservation of the transverse 
plates of the Ammonites giganteus converted to 
chalcedony, without the introduction of any 
earthy matter into the area of the air-chambers. 

This shell is so laid open as to shew the 
manner in which each transverse plate forms a 
tortuous partition between the successive air- 
chambers. By m('ans of lliese winding plates, 
the external shell, being its(ilf a contiiuioiis arch, 
is further fortified with a siu c ession of (compound 
arches, passing tniiisversely across its internal 
cavity ; each arch being disposed in the form of 
a double tunnel, vaulted not only at the top, but 
having a corresponding series of inverted arches 
along the bottom. 

We can scarcely imagiiui a more pe rfect in- 
strument tlian this for afibrding universal n^sist- 
ance to external pr(‘ssun% in which the greatest 
possible degree of lightness iscornhiiuHl with tlu^ 
greatest strengtli. 

similar increase of support ; whiKt in those sp(‘eies to which the 
more circular form of the skies t^ivrs j^reuter strenj^th (as in A- 
obtiisus, PJ. tlu* sill uosities of the septa arc proportion aU.‘ly 
few. 

It seems probable that some improvement mij^ht be made, in 
fortifying the cylindrical air-tube of Massey's Patent L)g for 
taking soundings at great depths, by the introduction of trans- 
verse plates, acting on the princijde of the transverse plates of 
i.ihe chambered portion of th€> shells of Nautili and Arnmonitei, 
or rather of Orthoceralia*s, and Baculilcs, (see PI. 44, Figs. 4. 
and 5.) 
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The form of the air-cliambers in Ammonites is 
much more complex than in the Nautili, in 
consequence of t!ie tortuous windings of tiWi 
foliated margin of the transverse plates.’*^ 


Sipimncle. 

; It remains to consider tlie mechanism of the 
Siphnncle, that important orgEin of hydraulic 
adjustment, by nu‘ans of which the specific 
gravity of the Ammonites was regulated. Its 

* PI. 42 , I , roprrsents the cast of a single chamber of N. 
Hcxagonns, convex in^vurd^, and concave outwards, and bounded 
at its margin by lines of simple curvature. In a few species only 
of Nautilus the margiri is uiidulaicd, (as in PI. 43, Fig. 3, 4,) but 
it is ncv(‘r jagg(Ml,or denti(udnlcd like the mav^^in of the casta of 
the chainhcrs of Ammonites. 

In Anunoiiifcs. th(' chambcis 1ju\c a dniihlc curvature, and 
are, at their C(*ntrc, conv('\ outwai ds (m c IM. 35. d. and I’l. 3i>, 
d, V,). PI. -I^, I'in. ‘2, repn .s(‘iits tin* front view of the cast of 
a single (‘handK’rof A. cx<‘a\atus: d. is tht* dorsal lobe enclosing 
the siphunch', and c. f. the auxiliary ventral lobes, which 
open to receive the innor whorl of the shell. T^I. 42. Fig. 3. re- 
presents a east (»f three ehamhrrs of A. catena, having two trans- 
verse plates btjll retained in their proper place between tliein. 
The foliated edges of thesr transverse plates have regulated the 
foliations of the ealeureous easts, which, after the shell has 
perished, remain loekid into one another, like the siiturcs of a 
skull. 

The suhstanee of the easts in all these eases is pure crys- 
talline earhonate of lime, introduced by infiltration through the 
pores of the decaying shell. Each s|H!cies of Ammonite has tt$ 
peculiar fonn of air-chamljcr, depending on the specific form of % 
its transverse plates. Analogous variations in the form of the 
air-chambci*s are eo-extensive with the entire range of species in 
the family of Nautili. 
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mode of operatbu as a pipe, admiitiog^ €ir itjeot* 
iag a fluid, seems to have been the same as that 
%|B have already considered in the case of Nau- 
tili,* 

The universal prevalence of such delicate 
hydraulic contrivances in the Siplinncle, and of 
sue# undeviating and systematic union of bui^y- 
ancy an<| strengtii in the air-chambers, throu^Jl^ 
out the entire family of Ainmonitos and Nmitilt, 
are among the most j>i*oiiiinont instances of order 
and method, that j)crvatlo these remains of former 

In the family of Amni(»\itt's. tl»e place of the Siphunclc ift 
always upon the exterior, oi </or.sf// manj'ni (»!’ the transverse plates. 
(See PI iK>. il. e. f. tr. li- i.. nncl PI. 4‘2, Fiy:. .'1. a, l>.) It is 
eondueted through lliein by a ring, or collar, j)rojc('ting<)?//w.vfn/,v ; 
this collar is scon, vvcdl (>rcscr\c(l, al tin* margin of all the trans- 
verse plates in PI. dt>. In Nautili, the ('ollar projcc’ts nniforudy 
and its place is either at the ccw/rc, or m'ur llu- huivr 
unmj'm the trunsverst* plaits. (S(‘f‘ 1^1. .'{I, I'ig, 1. y. and 
PI. 42. 1.) 

The Siphunch' n'prc‘'/'nti-d al IM. .‘)<h i> proM ivt'd in a black 
carbonaceous statt\ sun! passt s frtnn the botn>m of the e\lt‘rnul 
chamber (d.) to tlu‘ int»cr t Ktrcnnty of lb<‘ sludl. At e. f. g. h. its 
interior is exiioscd by .secijoii, ami appears lille<i, like the adjacent 
air-chambers, \N i lb a ca.st of puie calcareous .sjtur. At PI. 42. 
Fig. 3. b, a similar cast fills the tube of I be Siplmnclc, and also the 
air-chambers. Here again, ns in !M. 3f), its diameter i.s con- 
traeted at its passage tbroiigli the collar of each transverse platt*, 
with the same mechanical advantage^ as in the Nauiibis, 

The shell engraved at PI. 42. l'ig . 4. from a specimen found by 
the Marquis of Northumpton in the (ocen sand of Farl Stoke, 
near Devizes, and of which Figs. .0. b. arc fragments, is rt mark- 
^able for the preservation of its Siphuncle, distended and cinjity^ 
and still fixetl in its place along the interior of the dorsal margin 
of the shell. This Siphuncle, and also tlie shell and transverse 
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races that inhabited the ancient seas ; and 
strange indeed must be the construction of that 
mind, which can believe that all this order and 
iiiethod can have existed, without the direction 
and agency of some commanding and controlling 
Intelligence. 


l^hvori) of Von 

Besides the uses we have attributed to the 
sinuous arrangeiiuuit of tht‘, transverse septa of 
Ammonites, in giving strength to tlie shell to 

plates, are converted into thin chalcedony, the pipe retainine^ in 
ihf3sc empty chambers the exact form and position it held in the 
livin'^ shell. 

The entire snbstanee of the pipe, thus perfectly presf*rved 
in a stale that rarely occurs, shews no kind of aperture through 
which any fluid could have passed to the interior of the air- 
chambers. 'I'he same tMuitiiiuity of the Siphuncle appears at 
PI. 42, I'ig. d. and m PI. .’{(J, ami in many other specimens, 
lienee wo infer, that nothing could pass from its interior into the 
air-chambers, and that the otViee of the Siphuncle was to lie 
more or h‘ss distended with a fluid, as in llie Nautili, for the 
purpose of adjusting the spccitk* gravity, so as to cause the 
animal to float or sink. 

Dr. Pi’out has aualy/ed a yiortiou of the black material of the 
Siphuncle. which is so freipicntly preserved in Aniuioiiite.s, anfl 
finds it to consist of animal membrane f>cnctrated by carbonate 
of lime. Ho explains the black colour of these pipes, by suppos- 
ing that the process of decomposition, in which the oxygen and 
hydrogen of the animal membrane e.scaped, was favourable to the 
evolution of carbon, as happens when vegetables are converted 
into coal, under the process of mineralization. The lime has 
taken the place of the oxygen and hydrogen which existed in the 
pipe before decomposition, * 
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resist the pressure of deep water, M. Voii Buch 
has suggc^sted a further use of the lobes thus 
Iformed around tlie base of the outer chamber, 
as affording points of attachment to tlu^ mantle 
of the animal, whereby it was enabled to ftx 
itself more steadily witliin its sliell. The ar- 
rangement of tlu s(i lolx s varies in t vt ry species 
of Ainmonilts and he has proposed to found Oh 
these vau iations, tlie specilic <?haract< r of all the 
shells of this grc‘at family.'* 

• The m(>>t (leeided di^tmetirm iM twet ii Aminonitts rtnd Nau- 
tili, is founded on tin* pKico of iIk' siphon, in I he Ammonite, 
this orirau is always on llie itavk of the shell, and neser so in the 
Nautilus. Alany oth* r disiinetions enuuiale from this leading;’ 
difference; the animal of tiie Naiiidus louim^ its pijui usually 
fiM'd near ihi* mUhfh , (See Id. dl , Fi... I ),oi’ toward>. the ventral 
marjhi (l‘I. 3'*I, i’ip;. aiul IM. 1..I, Fi^-. i.) of the transver.se 
plates, is tlK ii’hy altaelied to the hotioin of the external clminhcr, 
\viii<’h is gcocrally eomaue, and without any jam^i'd t( rmmation, 
or sinuous flexure, of its margin. As the siphon m Ammonites 
is romparaiivi ly '*mall, and al\va\s jii.ired im the tlarsal inaij^in 
(IM. df), cL and FI. d.l, it would have less power than the 
siphuncle of Nautili to keep the nmnlle in its ]»liie(‘ at the 
bottom of the shell; aiuuhei kuul of support was iheieiori; sup- 
plied by a nuinlu'r of depressions alon^ the m:ir'j;*m of tlu‘ trans- 
verse plate, funning a seri< s t)f hd>es at the junction of tins plate 
with the internal burfaee of tht* shell. 

The innermost of these, or vmtiul lobe, is plaecd on the inner 
margin of the sliell (1*1. 3b, V.); opposite to this, and on the 
external margin, is placed the dorsal lolio (D), embracing the 
siphon and divided by it into two divergent arms. Hcneath the 
dorsal lobe are placed the superior lateral lobes (h), one on each 
side of the shell ; and still lower, the inferior lateral lobe (1), next 
above the ventral lobe. 

The separations between tlicsc lobes form seats, or saddles, 


G. 


A A 
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The uses ascril>ed by Von Buch to the lobes 
of Ammonites in affording attachment to the 
base of the mantle around the margin of the 
transverse plates, would in no way interfere with 
the service w(^ have assigned to the same lobes, 
in supporting the external shell against the pres- 
si^e of deep water. The union of two beneficial 
results from one and the same mechanical expe- 
dient, confirms our opinion of tlie excellence of 
the workinunshij), and increases oiir admiration 
of the Wisdom in which it was contrived. 


upon which the mantle of the animal rested, at the bottom of 
the outer chamher; these saddles are distinji^uished in the same 
manner us tlie lohts — that between the dorsal and superior 
lateral lobe, fonnin;^' the <lorsal saddle (S, d.), that Ixjtween the 
superior and inferior lateral loht's, forming; the lateral saddle 
(S. L.), and that between the inferior lateral and ventral loin*, 
the ventral saddle (S. V.). This ‘general disposition, variously 
niodibed, pervades all forms of Ammonites; but when, as in 
PI. 39, the turn of the shell increases rapidly in width, so that 
the last whorl nearly, or entirely, covers the preceding whorls, 
the additional part is furnished with small auxiliary lobes, vary- 
ing with the growth of the Ammonite to the number of three, 
four, or live pairs. (PI, 39, a. 1, a. ‘2, a, 3, a. 4, a. r>.) 

All the lobes, as they dip inwards, are subdivided by nume- 
rous dentations, which afford points of attachment to the mantle 
of the animal ; tlms eacdi lol»e is Hanked by a series of accessory 
lobes, and thesi' again arc provided with further symmetrical 
dentations, the extremities of which jiroduce all the beautiful 
appearances of complicated foliagt', which prevail through the;.^; 
family of Ammouiies, and of which wc have a striking example 
on the surface of PI. 38. 

Tlie extremities of the dentations are always sharp and 
pointed, inwards, towards the air chamber, (PI. 38, d, h); but 
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On examining the proofs of Contrivance and . 
Design that pervade the testaceinis remains of the, 
family of Ammonites, we find, in every species, 
abundant evidence of minute and peculiar 
chanisms, adapting the shell to the double piir-. 
pose of acting as a iioat, and of forming a pro- ! 
tection to the body of its inhabitant. 

As the animal increased in bulk, and advanced 
along the outer ( liainber of the shell, the spaces 
left behind it were suei essivel y converted into air 
chambers, simultaneously increasing the power 
of the float. This float, being regulated by a 
pipe, passing through tlu^ whole series of the 
chambers, foniuMl im hydraulic instrument of 
extraordinary delicacy, by which the animal 


are ainooth and rounded upwards towanls ihe body of the 
anintal, (PI. 38, S. S.), and thus the jag|j;ed terminations of 
these lobes may have atfurded holdfasts wherol^y the base of the 
mantle could fix itself firmly, and as it we.re lake root, around 
the bottom of the exlc‘rnal chamber. 

No such dentations exist in any sjiecies of Nautilus, in the 
N. Poiiipilius, Mr. Owen has shewn that the base of the inantie 
adheres to the outer shell, near its junction with the transverse 
plate by means of a stronjj horny girdle ; a similar contrivance 
,^,probably existed also in all the fossil species of Nautili. The 
sides of the mantle also of the N. Pompilius are fixed to the 
sides of the great external chamber by two strong broad lateral 
muscles^ the impressions of which are visible in moat s^iecimens 
of this shell. 
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could, at pleasure, control its ascent to the sur- 
fece, or descent to the bottom of tlie sea. 

To creatures that sometimes floated, a thick 
and heavy shell would have been inapplicable ; 
^nd as a thin sliell, inclosing air, would be 
exposed to various, and often intense degrees of 
p^stire at the bottom, we find a series of pro- 
visip^s to afford resistan(!e to such pressure, in 
the mechanical construction both of the external 
shell, and of the internal transverse plates which 
formed the air (ihainbt^rs. b^irst, the shell is made 
up of a tube, coiled round itself, and externally 
convex. Secondly, it is Ibrtilicd by a series 
of ribs and vaultings disposed in the form of 
arches and <lom<'s on the convex surface of this 
tube, and still lurthcr adding to its strt’iigth. 
Thirdly, the transverse^ plaU‘s that form the air 
cdiamhers, supply also a continuous succession 
of supports, extending ihc’ir ramifications, witli 
many mechanical advantages, beneath those 
portions of the shell which, b(‘ing weakest, were 
most in need of them. 

If the existence of contrivance proves the exer- 
cise of mind ; and if higher (h^grees of perfection 
in mechanism are proof of more exalted degrees 
of intellect in the Author from whom they pro- 
ceeded ; the beautiful examples which we find 
the petrified remains of these chambered shells, 
aflbrd evidence coeval and co-extensive with the 
mountains wherein tliey are entombed, attesting 
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the Wisdom in wliicli sucti exquisite conttivances 
originated, and setting forth the Providence and 
Care of the CTCutor, in regulating the structure 
of every creature of his hand. 


SECTION V. 

NAUTILUS SYUHO, AM) NAUTILUS '/AC 7.Ai\ 

The name of iXautilus Sypho**^ has been ap« 
plied to a very curious and binuitiful chambered 
shell found in tin* Tiatiaiy strata at Dux, near 
Bourdeaux; aiul that of Nautilus Zic Zac to a 
cognate shell from the London clay. (See PL 43, 
Figs. 1, 2, 3, 4.) 

These fossil shells present certain deviations 
from the ordinary eharaeters of the genns Nau- 
tilus, whereby tlu^y in soim; degree partake of 
the structure of an Ammonite. 

These deviations involve a st rii^s of compen- 
sations and peculiar c’onlrivanccs, in order to 
render the shell eUicicnl in its double oflice of 
acting as a flout, and also as a defence and 
chamber of residence to tlic animal by which it 
was constructed. 

Some details of these contrivanciis, relating 

* This shell has been variously by the names of Am- 

mantles Atun, Nautilus Sypbo, ami N. /onarius. (Sec* M. de 
Basiierot. Mctn. Geol. de Bourdeaux). 



358 CONTRIVANCES IN NAUTILUS SYPHO 

to the NautiluiiiSiypho will be found in the sub- 
joined note.* 

As the place of the siphon in this species is 
upon the internal margin of the transverse plates 
(PL 43, Fig. 2, bLb% b\) it had less power than 
the more central siphuncle of the Nautilus to 
atthch the mantle of the animal to the bottom 
df^he outer chamber. For this defect we find a 


* The transverse plates, (PI. 4.1, Fip; 1, a. a’, a*.), present a 
peculiarity of stiuctiin* in the prolongation of the collar ^ or 
sipliuncular aperture entirely across the area of the air chambers, 
so that the whole series of transverse plates are connected in one 
continuous spiral chain. This union is elfected by the enlarge- 
ment and (‘longation of the collar for the. passage of the 
siphuncle into the form of a long ami broad funnel, the point of 
which b. fits closely into the neck of tlu‘ funnel next beneath it, 
e. whil.st its inner margin, resting \i\Hm the arch of tin* suV)jacent 
w'hoii of ihe shell, transfers to this ar<'h a portion of the external 
pressure upon the transverse j>lates, thereby adding to their 
strength. 

A.s this striK'turo renders it impossible for the flexible siphiin- 
rle to expand itself niln tlie area of the air ehambers, as in other 
Nautili and in Annnonitos, the diameter of each funnel is made 
large enough to allow space within it for the distension of tlie 
siphnnele, l>y a snflieienl (juanlity of fluid to cause the animal to 
sink. 

At each artieuhuiou of lh<* funnels, the diameter of the siphun- 
cle is contracted, as the siphuneles of Ammonites and Nautili are 
contracted at their passage through the collars of their transverse 
plates. 

Another point in the organization of the siphuncle is illustrated 
by this shell, namely, the existence of a soft calcareous sheath, 
(PI, 43, Fig, 1, b. c. d.), analogous to that of the N, Pompilius, 
(PI. 31, Fig. 1, a. b. c. d.), between each shelly funnel and the 
membranous pipe or sipbiihcle enclosed within it. At PI. 43, 
Fig. 1, b, wr have a section of this «jhrHth folding round the 
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compensatiou, reseinbliug that which Voii Buch 
considers to liave been afforded by the lobes of 
Ammonites to the inhabitants of those shells. 
This coiupciisiUion wiU be illustrated by a com- 
parison of the lobes in N. Sypho (PL 4:1, Fig. 2.)> 
with a similar provision in the Nautilus Zic Zuc 
(PL 4.3, Figs. .3. 4.)'*' 

smaller extremity ot' the funnel a. From e, to <1, it lines the 
inside of the subjaeenl funnel a-; and from d, eontiniics down- 
wards to the termination of the funnel a-, on the inside of e. 
At e, and f, we see tin* upper teiminatioii of two pel feet sheaths, 
similar to that of whieh a section is represented at b.e.d. This 
sheath, from its insertiou Ijtetwoeii the pi>int of tlic upper siphon 
and mouth of the lower one, (Fie:. 1, e.), must liave acted as 
a collar, interceptiie^ all eommunication hetween the interior 
of the shelly siphuiicular tube and the air ehambers. The area 
of this shelly tube isS suflieient, not only to have (‘oiitained the 
distended sijihunele, but also to allow it to 1x5 surround(‘d with a 
volume of air, the elasticity of which would act in forcinj^ back 
the pericardial fluid from tiie siphiincle, in tiu* same manner as 
we have sup[K)sed the air to act within the cliambers of the 
N. Pompilius. 

*" On each side of the tians\c*rse plate in hotli these species 
there is an undulation, or sinus, produeinj^ lobes (PI. 4il, Fij^. 2. 
a‘, a®, a‘. Fig. a. and l’’ig. 4. a. b.) There is also a deep 
backward curvatiin; of tlie two ventral lobes, Fig. 4. e. c. All 
timsc lobes may have acted <‘on jointly with the siphunelc, to 
give firm attachment to the mantle of the animal at the bottom 
of the 4)uter chamber. The shell Fig. 1 . is broken in such a 
manner, that no [)Ortion of any lateral lobe is visible on the side 
here represented. At Fig. 2. a', we see the projection of the 
lateral lobes, on each side of the convex internal surface of a 
transverse plate ; at a® we see tlie interior of the same lobes, on 
the concave side of another transverse; plate ; and at a* the 
points of a third pair of Iol>es attached to the sides of the largest 
air-chamber that remains in thi^s fragment. 



iioo coti^EmATiom and links. 

A stillpiore important use of the lobes formed 
by the transvet^ plates both of N. Sypho and 
N. Zic Zac, may be found in the strength which 
they impart to the sides of the external shell (see 
PI. 43, Figs.l, 2,3,4.), underpropping their flattest 
and weakest part, so as to resist pressure more 
effecbially than if the transverse plates had been 
cti^P^d sinij)ly, as in N. Poiupilius. One cause 
which rendered scane such compensation neces- 
sary, may be found in the breadth of tlie inter- 
vals between eacli transverse platc! ; the weakness 
resulting from this distanei*, being eompeiisated 
by the introduction of a single lobe, acting on 
the same i)rineiple as the* more* numerous and 
complex lobes in the ge nus Ammonite. 

The ]V. Sypho and N. Zie* Zac s(*e‘in, therefore, 
to form Unks be(\ver;n the* two great ge nera of 
Nautilus anel Amine>nite, in which an inte rmediate 
system e)f me e hanieal eontrivanee s is borrowed, 
as it were*, from the* me ehanies of the* Ammonite, 
anel applie^d to the Nautilus. The* ade>ptiou of 
le)be-‘S, analogous to the* lohes e)f the Ammonite, 
comperisutiiig the* disadvantages, that would 
otherwise* have? fed lowed from the* marginal posi- 
tion of the*, siplnniele in the^se* two species, and 
the distance's of their tran>verse j)lates.^ 

* In some ot tlio most early forms of Ammonites which we find 
in the Transition strata, c. A. llenslowi, A. Striatus, and A. 
Sphericas, PI. 40, Fi^s. 1, 2, ami the lobes w€.Te few, and 
nearly of the satin- form as the single lobo of the Nautilus Sypho, 
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It h a curious fact, that con^irivaac#, similur 
t9 those ^vhich existed iu soiue of tlie most early 
forms of Aniiiionite, should have lieeu again ^ 
adopted in some of the most rec^ent species of 
fossil Nautili, in order to aftbrd similar com- 
pensation for weakness that would otherwise 
have been produced by aberrations fi-oDi the 
normal structure of the genus Nautilus. 
this seems inexplicable on any theory which 
would exclude) the intcrfcniicc* of controlling 
Inteiligc'iicc. 


SECTION \l. 

CHAMIU:HK!) SIICLI.S ALLIKI) ro NACriLl'S 
AM) A.MMOM'I'i:. 

Wk have reason to infe r, from tlie fact of the* 
reeent N. Poinpilius bcaiur an ^‘xLrnal shell, 
tliat all i'ossil shells of the gia^at and ancient 
family of Nautili, and of the still more* nnme- 
rons family ol‘ Ammonite’s, were* also external 
shells, inclosing in their outer chamber the body 


and of N. Zic zac ; like* them also the rTiai;i;’m was simplo and 
destitute offrin^^od ed‘j:('s. Tin* A. luxlosus (1*1. 10, Eig;s. 4 and 
5.), which is {>endiar to the early S«Ton<)arv ri( |iosit.s of tlic Mus- 
chehkalk, offers an example of an inUMnn-diato stat**, in which 
the fring:ed edg;c is partially inlioduceil, on (hr desronding or 
inward portions only, of the lohated edj^e ol the transverse plates. 
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of a Cepftlilopod. We further learn, from Peron’s 
discovery of the sheUl of a Spirula partially 
closed within the body of a Sepia,* (see PI. 44, 
'Fig. I, 2), that many of those genera of fossil 
chambered shells, which, like the Spirula, do 
not terminate c^xternally in a wide chamber, 
were probably internal, or partially enclosed 
shdfls, starving the olfi<*c of a float, constructed 
on the same principles as the float of the Spi- 
rula. In tlie class of fossil shells thus illustrated 
by the discovery of the animal inclosing the 
Spirula, we may include the following extinct 
families, occurring in various positions from the 
earliest Transition strata to the most recent 
Secondary formations : — Orthoceratite, Lituite, 
Baculitc*, Jlainite, Sc-aphite, Turrilite, Nuinimi- 
lite, Beleiuniti . i 


The uuceilainty whioh 1ms arisen respcctiri}:; the animal 
whii-h constructs the Spirula, iVoin the circumstance of the spe- 
cifricn discovered hy Peron ha\iii^ b«'cn lost, is in some dt'j^ree 
removed hy (^a[itain Kini;'’s discovery of another of the se shells, 
iiltachcd to a fragment of the mantle of an animal of unknown 
Species resembliiiir a Sepia, which I have seen in the possession 
of Mr, Owen, at the lloyal Colle^o of Suixeons, London. 

t In the jrenus latuitc, Orthoceiatite, and Belemnite, PL 44, 
J\ 4, 17, the simjilc curvature of the transverse plates resem- 
bles the character of the Nautilus. In the Baculite, Hamite, 
Scaphite, and 'rurrihte, PL 44, .7, 8, Pi, LI, 14, 15, the 

sinuous foldings and foliated edges of the transverse plates 
resemble those of the Ammoiiiles. 



ORTHOCERATITE. 




Oi lhocemtitey PL 44, Fig. 4. 

Tlie Orthoceratites (so called from their iisiiai 
form, — that of a straight horn) began their exist* 
ence at the same early period with the Nautili, 
in the seas which deposited tlic Transition strata ; 
and are so nearly allied to tin ni in stru^re, 
that we may conclude they peribnned a similar 
function as floats of ('< phalopodous IMollusks. 
This genus contains many species, which abound 
in the strain of tlu^ IVansition series, and is one 
of thos(? which, having hvvu calhal into (existence 
amongst the earliest inhabitants of oiir planet, 
was at iiu early period also consigiu'd to almost 
total deslnu tion.'^ 

An Orthoceratite (see V\. 4i, l^^ig 1) is, like 
tlie Nautilus, a inullilo<ailai' sla ll, having its 
chambers se|)arated by Iraiisvt rse |)lat(*s, concave 
externally, and internally convex ; and piereed, 
either at the centre or towards tln^ margiii, by a 
Sipliunehs (a.) Tliis jiipe varies in size, more 


^ See i)’Orbi;;:i»y’s TaUleiiu Mell»n<li(|ue (tes ('epluilojxjclcg. 

There are, 1 heli(’ve, only two exceptions yet known to the 
general fact, that the genus Drthoceratite became (’Xtinct before 
the deposition of the Secondary strata liad etnnfuenced. The 
most recent rocks in wiiieh they have been noticed, are a small 
and problematical species in the Jjas at l.ynte, and another 
species in Alpine Limestone of the Ooiin- formation, at flalsladl, 
in the Tyrol. 
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^ m4 

cBiaa any other multitocular shell, viz. 

from one-teutii to one-half of the diameter of the 
^ shell; and often assumes a tumid form, which 
Would admit of the distension of a membranous 
siphon. The base of the shell beyond the last 
plate presents a swelling cavity, wherein the 
body of the animal sec*ins to have been partly 
contained. 

The ()rthoc(Tatit('b are stniiglit and conical, 
and bear the same re lation to th(‘ Nautili which 
Baculilcs r.scc IM. 11, Fig. '>) bear to Ammo- 
nites ; the Orthoccratites, with their simple 
transverse^ septa, n‘S(‘mbling straight Nautili; 
and the Uacnlites, with a sinuous septa, having 
tlie appearance' of straiixht Viumonitt's. They 
vary consi(lerabl\ in ( xternal ligure, and also in 
size ; sonic of the largest spe< i<‘S ( vccoding a 
yard in length, and half a foot in dianu'tcr. A 
single siHTinu’ii has Imm'ii known to contain 
iK'arly S(‘\cnty air chambers. I'hc l)ody of the 
animal which rcijuircd so large a lloat to balance 
it, must ha\i‘ greatly c\cc(’di‘d. in all its propor- 
tions, the most gigantic of onr icci nt CVphalo- 
pcKls ; and the vast number of Ortlioceratites 
that are occasionally crowde d toge'tliiT in a single 
block of stone, shows how abundantly they must 
have swarmed in the wate rs of the* early seas. 
These slu'lls are* found in the gre'atcst numbers 
in bleK’ks of marble, of a elark rod e olour, from 
the transition Limeslone e>f Ot laiul, whiedi some 
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years ago was imported largely to vaftous parts 
of Europt^ for architect^! purposes.’*' 


IJfnite, 

Together with tlie Orthoceratite> in the Trail- 
sitiou Limestone of Oeland, lliere occurs a cognate 
genus of Chamherecl shells, called Lituites* (PI. 
44, Fig. ;J.) Tliest! are partially up into 

a spiral form at tlnar smalh r extremity, whilst 
their larger cud is (‘oiitimied into a straight tube, 
of consideral)l<‘ length, s<‘paratc‘d by transverse 
plates, <*oncave outwards, and perforatt'd by a 
siphuncle (a). As tliesc^ Lituitis clost‘ly rt*semblc^ 
the 8lu‘ll of the reca nt Spinda PI. I t, Fig. 2), 
their otlic’e may liavi* lunai lh<‘ sanu», in the 
economy of soiiu' extinct Leplialopod. 

Ihwultii , 

As in rocks of the Transition scales, the* form 
of a straight Nautilus i> presented by the genus 

** Part of llu’ in Haruptem Court Paluco, that of 

the hall of llnivejsity (’ollcj^e, Oxford, and s(‘veral tonihs of the 
kings of Poland in tin; oathrdial at faarow, are fonne^d of tins 
marble, in which many shells of C )rthoceratiti‘S an: discoverable. 
Tlie largest known sperhs are found in ttie f 'arhoiiifcrons lime- 
stone of Closeburn, m ar lulinlmrgh, being* n(‘ui ly of tlic size of 
a maii^s thigh. The jjrcscnce of huch gigantic Mollusks seems 
to indicate a highly exalted temperature, in the then existing 
climate of these northern regions of Europe. See Sowerby’s 
Min. Con. PI. 24(>. 
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(Jrthocei#ite, so we find in the Cretaceous forma- 
tion alone, the remains M a genus which may be 
considered as a straight Ammonite. (See PI. 44, 
Fig. 5,) 

The Baculite (so called from its resemblance 
to a straight stuff) is a conical, elongated, and 
symmetrical shell, d(3pressefJ laterally, and di- 
vided into iiuinerous chambers by transverse 
plates, which, like those in the Ammonite, are 
sinuous, and terminated by foliated dentations 
at their junction with the external shell; being 
thus se[)arated into dorsal, ventral, and lateral 
lobes and saddles, analogous to those of Ammo- 
nites.* 

It is curious, that this straight modification 
of the form of Ammonites should not have ap- 
peared, until this Family had arrived at the last 
stage of tJie Se condary deposits, throughout whicli 
it had occu])i<*d so large an extent; and that, 
after a coiiii)aralively short duration, the Bacu- 
lite should have become extinct, simultaneously 
with the last of the Ainnionites, at the termina- 
tion of the Chalk formation . 

* The cxteriu\l clrainber (a) is larger tlian the rest, and swel- 
ling; and capable of conUiiuiu^ a cuiisiderahle portion of the 
animal, Tlie outer shell was thin, and strengllicned, like the 
Ammonite, by oblique ribs. Near the posterior margin of the 
shell, the transverse plates are pierctd by a Siphuncle (PI. 44, 

c,). This position of the Siphuuelc, and the sinuous form. ^ 
and denticulated edges of the transverse plates, are cliaracters 
which the Baculite possesses in common with the Ammonite. 



Hamite* 


If we imagine a BaciiUte to be bent round 
near its centre, until the sndialler extremity be^ 
came nearly parallel to its larger end, it would 
present the most simple form of that cognate 
genus of chambered shells, which, from their 
frequently assuming this hooked form, have been 
called Hamites. At PI. -14, I^g. J), i I, rt'jHcsent 
portions of Hamites whic h have this most simple 
curvature; oilier sju^ ies of this gtrmis have a 
more tortuous jbrm, and are eillu r elosely coiled 
up, like the small ( xtrcaiiity of si Spirilla, (PI. 44, 
Fig. :2,) or disposed in si more open spiral. (PI. 
44, Fig. 8.)'^ 

It is probable tlisit some of these Hamites 


* Both these forins of Ilainile hear the sariu* relation to 
Aniinonites that hitailc.s In ur to Nautili ; each iu'arly such 

as shells of thoM* j^eiicia would resjnelivviy present, if partially 
unrolled. Sec Philli|»’ (icol. Yorkshire, PI. 1, ‘Jft, 'it). 

Baculites and Hamites ha\c two characters which connect 
them with Ammonites ; first, the position of tiu; Siphiiiudc, 
on the back, or outer mai^in of the shell, (PI. 44, I'ijis. .0'*, c. 
8*, a. 10. 11, a. Pi, a. I'i, a.); secondly, the foliated eharatler 
of the margiiu of the transvcjrse plates, at their junction with the 
external shell. (PI. 44, Pig. /», 8, P2, 1,4.) The external shell of 
Hamites is also fortified by transverse folds or ribs, increasing 
the strength both of the outer chambers and of the air chambers, 
upon the same princij)les that we have pointed out in the o«ase 
of Ammonites. (Sec PI. 44, Fig. 8, 0, 11, 12, 13.) 

In certain species of Hamites, as in certain Ammonites, the 
marginal Siphuncle has a keel-sliaj)ed pipe raised over it. Others 
have a series of spines on each side of the back. (PI. 44, 
Fig. <10.) 
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parfly iatferaal, and partly external shells ; 
where the spines are present, the portion so armed 
was probably external. Nine species of Ilainitcs 
occur in the single formation of (Sault or Speeton 
clay immediately below the chalk, near Scar- 
borough. (Sec Pliillip’s Geology of Yorkshire.) 
Some of the larger species (Mpial a mnirs wrist 
in cliaiiK'UT.* 


Satp/iife. 

The Scaphit<‘s constitute a genus of Elliptical 
chambered shells, (see PI. II, h^ig. 10,) of 
remarkable Ix auty, wliic Ji arc* almost peculiar 
to the ('halk foruiation ; tliiy are so rolloil up at 
each extremity, ^^llilsl their ( ( utral part conti- 
nues nearly iii a hori/oiital plane, as to resemble 
the ancient form of a boat; wJn nec* the nann^ of 
Se:ij)hite has been applied to tin an. | 


* Tlie Hiuniti s }j;r5in(lis, (Sjf’ncrhy, M. ( ’. .OO.i,) troni tlic Green 
sand at Mytlje, is of tliese lur^' dinion^ioiis. 

t The iijiuT extrtMuity i>ftho Scaphiti- is coili'd up like that of 
an Anuiiuuitv, (^IM.44, Fig. and I’lg, l(i) lu wiiorls embracing 
one another; llu’ last ami outer ehainlur (a) is larger than all 
the rest together, and is sometimes (^prohahly in the adult state) 
folded back so as to touch the spire, anti tlu reby materially to 
contract the nuuith, v hich i.s nariower than the last or outer 
chamber. (PI. 44, Fig. I S, b.) In this character of ^the e.xtemal 
chamber, the Scaphite differs from tlie Ammonite ; in all other 
respects it essentially agrees with it; its transverse plates being 
numerous, and pierced by a margmul Siphuncle, at the bacltT 
of the shell (Fig. 1(5, a.); and th«tr edges being lobated, deeply 
cut, and foliated. (F'ig. l.'>, c, ) 



TURlilLlTE* 


* 

It is remarkable that those approximations 
to the structure of" Ammonites which are pre- 
sented by Scaphites and Hamites, should have 
appeared but very raiely, and this in the lias 
and inferior oolite,* until the period of the cre- 
taceous formations, when the entire type of the 
ancient and long continued genus Ammonite was 
about to become extinct. 


Tnrnlifc, 

The last g(*ims I shall nuaUion, alliid lo the. 
family of Amnu»nit(‘>, is composctl ot‘ spiral slu'lls, 
of another form, coiled around th(‘ms(*lv(\s in the 
form of a windinn’ tower, gradually diminishing 
towards the apex (1*1. 11, I'ig. I H. | 

The same essential eiiaraetc'rs and fnnetions 
])ervade the Turriliti s, which W(‘ liav(^ Ix cai trac- 
ing in tli(* Seapiiiles, Hamites, Ibieulilcs, and 
Ammonius. In eueli of lliese gcMiera i( is the 
exterior form ol’ the .shell llial is principally 


* The Scaphites hifurcatus occurs iu tl»c Lius of \Vurt(‘»\luirj|;”, 
and naniites iinnulalus in the Inferior oolite of iMunce. 

I t The slu'lls of the. Tiirrilites are extremely thin, and their 
exterior is adorned and strengthened (like that of AmnioniteH), 
with ribs and tubercles. In all other resjhcts also, except tlje 
manner in which they are coiled up, they rcscinhlo Ammonites; 
their interior lieing divided into numerous chamlxirs by trans- 
verse plates, W’hich are foliated at their edt^eR, and pierced by a 
^siphuncle, near the dorsal margin. (PI. 14, I’ig, 14, a, a.) Tbe 
outer chamber is large. 

G. II li 
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varied^ whilst the interior is similarly constructed 
in all of them, to act as a float, subservient to 
the movements of Cephalopodous Mollusks. We 
have seen that the Ammonites, beginning with 
the Transition strata, appear in all formations, 
until the termination of the Chalk, whilst tlte 
Hamites and Scaphites arc very rare, and the 
Turrilites and Baculites do not appear at all, 
until the conuncnccanent of the Cretaceous for- 
mations. Having thus suddenly appeared, they 
became as suddenly extinct at tin; same period 
with the Ammojjites, yielding up their place and 
office in tlie economy of nature to a lower order 
of Carnivorous mollusks in the Tertiary and ex- 
istii^ seas. 

In the revii'w w<‘ luivi' taken of genera in the 
family of Chamheriid shells, allied to Nautilus, 
and Animonite, we have traced a connected series 
of delicate and nicely adjusted instruments, 
adapted to peculiar uses in the economy of 
every animal to which they were attached. 
Thesi! all attest undeviating Cnity of design, 
pervading many varied adaptations of the same 
principle ; and ali'ord cumulative evidence, not 
only of the exercise of Intelligence, but also of 
the same Intelligence through every period of 
time, in which these extinct races inhabited the 
ancient deep. 



bi:i>!:mnh>%s. 


:\7{ 


J^FCTION Vll. 

We shall ('oncliali' our account of chambered 
shells with n hrif f notice ot* Bt leiuuitt s. This 
extensive lainily occurs only in a fossil slate, and 
its ran^e is included within that seri<‘s of ro(*ks 
which in our section ar<‘ t‘all<‘d Secondary.^ 
Tliese singular hodits arc i'oniu'cted Nvith tiu* 
other families of fossil chambered slu lls \v(' have 
already coiisidered ; but tiitfer from them in 
having tlieir chamlurs incloseil within a cone- 
shaped tibroMS slu'ath, th<‘ form of which r<‘- 
sembles the point of an arnnv, and has given 
origin to lln* name thi‘v b<‘ar. 

M. do Blaiiivilh\ in his valuable imanoir on 
BelemnitC's, ( in-27) has give n a list, of ninety- 
on<‘ authors, from ’^I'heophrastus downwards, wlu) 
have wrill(*n on this snlij<‘et. The most intelli- 
gent among them agre^e in su])]>osing these 
bodies to have been foniic-d by (\‘phrdopods 
allied to the nio<iern 8e])ia. Voltz, Z(‘itc*n, Has- 
pail, and Count Miinster, have siihse<iuent.ly 
piiblishetl important memoirs upon th(3 same 
subject. The [irincipal English notices on Be- 
leinnites are those of Miller, tieol. Trans. N. S, 

I' 

* The lowest stratum in wbicli Belemnitf'S are ftai<l to have 
been fourid is the Mnschel-kalk, and the iiighesl llie uj>pef 
Chalk of Macstriclit. 
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] 4 »idon, 1826, and that of Sowerby, in iiis Min. 
Conch, vol. vi. p. 169, et Seq. . * 

A Beleinnite was 0 compound internal shell, 
made up of three essential parts, which are 
rOi;dy found together in perfect preservation. 

First, a fibro-calcareous cone-shaped shell, 
t^minating at its larger end in a hollow cone 
(PI. 44, Fig. 17. and PI. 44', Fig. 7, 9, 10, 
11 , 12 .* 

Secondly, a conical thin horny sheath, or cup, 
comnit^ncing from the base of the hollow cone of 
the libro-calcareous sheath, and enlarging ra- 
pidly as it extends outwards to a considerable 

* This part of the Belemnite is usually called the sheatky ov 
guard : it is made up of a pile of cones, placed one within ano- 
ther, having a coniniou axis, and the largest enclosing all tlu‘ 
rest. (See IM, 44, Fig. 17.) These cones are eomposed of crys- 
talline carbonate of lime, ilispo.sed in fibres that radiate from an 
eceentric axis to the circumference of the Iklernnite. The crys- 
talline condition of this shell seems to result from calcareous 
infiltrations (sulbsetpicnt to interment), into the intervals between 
the radiating calcareous fibres of winch it was originally com- 
posed. The idea that the Beloiiiiute was a heavy solid stony 
body, whilst it formed part of a living and floating sepia, would 
be contrary to all analogies afforded by the internal organs of 
living Cephalopods. The odour, resembhug burnt horn, pro- 
duced on burning this part of a Belemnite, arises from the 
remains of horny inemhranes interposed between each successive 
fibro-calcareous cone. 

All argument in favour of the opinion that Belemnites were 
internal organs, arises from the fact of their surface being often 
covered with vascular impressions, deiivcd from the mantle in^ 
which it was inclo.sed. In some species of Belemnites the back 
is granulated, like the back of the iiileinul sliell of Sepia offici- 
nalis. 
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distance* PL 44', 7, 1>, e, e> e''. Tiiis inmy 

cup formed the anterior cl^rnijber 
nite, and coOtsined the ini hag^ (4)^ and Bome 
other viscera.* 

Thirdly, a thin conical internal chambered 
shell, called the Alveolm, placed within the cal- 
careous hollow cone above described. (PI. 44# 
Fig. 17, a. and PI. 44', Fig. 7, b, b'.) 

This chambered portion of the shell is closely 
allied in form, and in the principles of its con- 
struction, both to the Nautilus and f)rthoc('ratite. 
(See PI. 44, Fig. 17, a, b. and Fig. 4.) It is 
divided by thin transvors(' plates into a series 
of narrow air-chambers, or arcolcr, resembling 
a pile of watch-glasses, gradually diminishing 
towards the apex. The transverse plates arc 
outwardly concave, inwardly <’onvex ; and arc 
perforated by a continuous siphuncle, (PI. 41, 
Fig. 17, b.), placed oji the inferior, or ventral 
margin. 

We have already (Ch. XV^ Section II.) des- 
cribed tlu) horny pens and ink-bags of the Loligo, 
found in the Lias at Lyme Regis. Similar ink- 
bags have recently been found in connec tion 
with Belemnites in the same Lias. Some of thes(i 
ink-bags are nearly a foot in length, and show 

* This laminated horny sheath is rarely preserved in connec- 
<^ion with the fibro-calrarcous shelly bheath; l)Ut in the Lias at 
Lyme Regis it is frequently found w’ilhout the shell. Certain 
l>orlionii of it are often highly naetenus, whilst other parts of the 
same sheath rdain their homy condition. 
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that the lie/emno-sepia^.f from which they were 
derived, attained great size. 

The fact of these animals having been pro- 
vided with so large a reseiwoir of ink, affords an 
d priori probability that they had no external 
shell ; the ink-bag, as far as w’c yet know, being 
a provision eonlincd to naked Cephalopods, 


f 111 1 I roniinwnicaU‘<l to the (icological Society of Lon- 
don u iiollce respect inr^ the prohahlr conne<'tion of Belemnitos 
with ci'iliiin fossil ink-l>a^v, surroun<U'<l by l)riiliant nacre, found 
in tlie Lins at Lyim? Ilegis. {Sco. [*liil. Mae-. N.S. 1829, p. d88.) 
At the satnc time I caused to be prepared the drawing's of fossils, 
oiip,'rave(l in LL bl wliich induced im‘ to consider these ink- 
bags as deiived fioin ( 'ephalopods c<mnecled with Belemnites. 

I then withheld their pidiliealiou, in tin? hope of discov(?ring 
certain denioiistrati(ni, in sonn* spi ( iinen that should present 
these ink-lhigs in connection with the sheath or body of a l]e- 
lemnitc, and this doiiionsiration has at length been furnished by 
a discoverv made by Brofess<»r Agassi? (October, 1834), in the 
cabinet of Mis'^ PiuliK)tts, at Iaiiic Regis, of two important 
specimens, \vlii«’)i apjiear to be decisive ot the ipiestion. (See 
Jd. M , Figs. 7, 9.) 

!Ca<’h of these s[»eeimeiis (-ontains an ink-bag within the ante- 
rioi portion of the slusith id' a perfect Beleminte; and we aie 
Inmoeforth enabled with eeitamty to lefer all species ol Belein- 
iiites to a family in the class of C’eph.ilopods, for which 1 would, 
in coneurreuec- with IM. Agassi/, prop«»se the naim' of Bchrnno- 
srpia. Snell ink-bags aie occasionally found in contact with 
traces of istilated alveoli of Belemnitos : they an* more frequently 
surrounded only by a thin plate of hi illiant mu re. 

The specimen (PI. -14", Fig, 1), was procured by me from 
Miss Mary Aiming in 1829, wlio eousidored it as ap|H^rtaining to 
a Belemnite. Near its lower end we see the lines of growth oL 
Ihe homy anterior sheath, hut no traces of the posterior calca- 
reous .sheath ; within tiiis horny sheath is placed the ink-bag. 
riie conical form of this anterior chamber ^eems to have bi‘en 



which have not that protection from an external 
shell, which is afforded by the shell of the N. 
Poinpilius to its inhabitant, that has no ink-bag. 
No ink, or ink-bags have been ever seen within 
tlie shell of any fossil Nautilus or Ammonite: 
had such a substance existed in the body of 
the animals that occupied their outer chamber, 

altered by pressure. It is composed of a thin laminiUed sub- 
stance (see PI. 44 1, d.), which in some parts is brilliantly 
nacreous, whilst in otlier ]>arts it presents simply tlie appear- 
ance of horn. The outei surface of this tnip is marked trans- 
versely with penile iindnlatioiH, winch jiiobahly indicate slaj:!;es 
of jj^rowth. I\liss Baker has a Brleinnite from the inferior Oolite 
near Northampton, in wliH'h one half t>f the lihrous cup beiii};- 
removed, the structure of the eonieai slu ll of the alveolus is seen 
impressed on a cast of iron-stom*, and exhibits undulating lines 
of growth, like those on the exterior of the shell of N. Poni' 
piliiis. 

M. Blainvillc, althonj^li he had not seen a spiM'imen of Btdem- 
nito in whieh the anterior homy conical t‘liaml>i‘r is prescTVisl, has 
argued from the aiialoiryof oihei cognate' chambi'icd shells that 
such an appendau'e was aj)pt‘itmen( to tins she'll. The sonmi- 
ness of his reasoning is conlirmed by tin* discov t ry of the spci'i- 
nien l>efore us, containing this pait m the form and placi,* W’hieh 
he had preiiicted. “ Par anah)g«e elle I'tait done evidemment 
dorsale et terminale, et lorstpi’elie etait <‘om])letc*, e’est-iV-dire 
pourvue d’une eavite, rextrcimtf jiosUaicun* des visi'i'res de 
I’aniinal (tres-probablement rorgane secretenr dc la generation 
ct panic* du foie) y etait reiifermee.” — Bluinville iVlcm. sur Ics 
Belemniles. 1827. ]*age 2H. 

( ount Munster (.Mem. Ocol. par A, Bone, 1882, V. 1, PI. 4, 
Figs. 1 , 2, .3, 1.0) has published figures of very ])erfert Bcleinnitcs 
from Solenhofen, in .some of which the anterior horny sheath is 
preserved, to a di.stance ecjual to the length (;f the solid ealcareous 
portion of the Belemnite (PI. 41, Figs. 10, 11, 12, 1.3), but in 
neither of these are there any traces of an ink-bag. 
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some traces of it must Iiave remained in those 
beds of Has at Lyme R^is, which are loaded 
with Nautili and Ammonites, and have preserved 
the ink of naked Cephalopods in so perfect a 
(HiR^ition. The young Sepia officinalis, whilst 
included within tlie transparent egg, exhibits its 
ink-bag distended with ink, provided before- 
hand for use as soon as it is excluded ; and this 
ink-bag is surroundcfl by a covering of brilliant 
nacreous matter, similar to that we find on cer- 
tain internal membranes of manv fishes.* 


'* 1 would lu ro add a f(‘w words in explanation of the curious 
fact, that anion^; the inninncnihle spocimens of Beleinnites wliicdi 
have; so long attracted the attention of naturalists, not one has till 
now been found entire in all its parts, having the ink within its 
external chainbt i *, cither the fihro-calcarcoiis phcalh is found 
detached from ilio liorny slicath and ink-hag, or the ink-bag is 
found apart from the Bclemnite, and surrounded only by the na- 
eri'ous horny membrane of its anterior ehamber. Wc know 
fiom the condition of tlie compressed nacreous Ammonites in the 
l.las-slialc at Watcliet, that the nacreous lining only of these 
shells is here preserved, whilst the shell itself has yfcrished. This 
fac t seems to explain the ahsence of the calcareous sheath ami 
shell in almost every speeimen of ink-bags at Lyme Regis, wliicdi 
is surrounded with iridescent nacre, like that t)f the Ammonites 
of Watehet, The matrix ’u these cases may havi* had a capacity 
for preserving naereou.s or horny substances, whilst it allowed the 
more soluble calcareous matter of shells to be removed, probably 
dissolved in some acid. 

The greater didieulty is to explain the reason, why amidst the 
millions of Beleinnites tliat are dispersed indiscriminately through 
almost all strata of the Secondary serio*?, and sometimes form 
entire pavements in beds ot shale conmeted with thf' Lias and 
Inferior oolite, it so raridy happens that eitlu r the horny sheath. 
01 ila iuk-l\ig, ha\i l»een [ireserved. B (' may, 1 think, explain 
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Comparing the shell of Belemnite, with tlmt 
of Nautilus, we find the a|^eement of all their 

the abseuce of nacreous horny sheath, by supposing that ii 
condition of the matrix favourable to the preservation of the 
calcareous sheath was unfavourable to the preservation of horny 
membrane ; and we may also explain the absence of ink^bags^ 
by supposing that the decomposition of the soft parts of the 
animal usually caused the ink to be disjK'rsod, before the body 
was buried in the earthy sediment then going on. 

At the base of Golden Cap hill, near Cliarmoiith, (he shore 
presents two strata of marl almost pavetl with Belemnites, and 
separated by about three foot only of comparatively banen marl. 
As great numbers of these Bolonmitos have* Sorpuhe, and othoi* 
extraneous shells attached to them, we loam from this oirouin- 
stance that the bodies and ink-bugs Ir.ul decomposed, and Iho 
Belemnites Iain some time uncoverod at the bottom. Those 
facts are explained by supposing that tlu* sea near this spot was 
much frequented by Belemno-sopiu' during tin* intervals of the 
deposition of the Lias. Similar conelusions follow, from (he 
state of many Bolomnitos in the chalk ol’ Anlriin, which ha<l 
been perforatcnl by small boring animals, ubilst tliey Jay at the 
bottom of iho sea, and those perforations tilled with easts of 
chalk or flint, when the mattoi of tho chalk strata was dep(»sited 
upon them, in a soft and fluid state. (See Allan's Paper on 
Belemnite, Trans. Ilt)yal 800 . IMin., and Miller’s l^aper, Geol. 
Trans, loud. 182(), p. o‘b) 

Thus of tho millions of Bt lemiiites wliioh crowd 1 he See'ondary 
formations, only the libro-eah*arofms sheath and ohambernd al- 
veoli arc usually preserved; whilst in eerlam shale beds this 
sheath and shell have sometimes entirely disa[)pearcd, and th(‘ 
horny or nacreous sheath and ink-bug alone remain. See PI. 41', 
Fig. 1, 2, 3, 4, . 5 , b, 7, 8. In the rare case, PI. 44', Fig. 7, 
which has afforded the clue to tliKs hilhcito unexplained enigma, 
we have all the tliree essential parts of a Belemnite preserved in 
their respective placc.s nearly entire. The ink-bag (o) is placed 
within the anterior homy oup (e, e', e"); and the eliambercd 
alveolus (b b') within tlic hollow cone of the posleiior fibro- 
( tilcarcous shell, 01 eotmiion Jb liminlr. 
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most important parts to bo nearly roin[)lete 
and the same analogies might be trac< d through 
ilie other genera of chambered shells, i 

* The air chambers and siphuncle are, in both liiesc families, 
essentially the same. 

In Belemnites, the anterior extremity of the fibro-calcarcous 
shell, which forms a hollow struh/ht cone, surroundini^ the 
transverse plates of the chambered alveolus, represents the hol- 
low coilad-np rone containinp: all the transverse plates, which 
make np the alveolus of the Nautilus. 

The anterior horny cup, or outer chamber of the Belemnite, 
surrounding the ink bag, and other viscera, represents the large 
anterior shelly chamber which contains the body of the Nautilus. 

The posterior portion of the Belemnite, which is elongated 
backwards into a hbrous pointed shaft, is a modification of the 
apex of the straight cone of this shell, to which there seems to 
be no equivalent in the apex of the coiled-up cone of Nautilus. 
The cause of this peculiar addition to the ordinary parts of 
shells, seems to rest in the peculiar uses of the shaft of the Be- 
lomnite, us an internal shell, acting like the internal shell of the 
Sepia Oflicinulis, to support the soft [>urfs of the animals, within 
the bodies of which they were respectively enclosed. The fibrous 
structure of this shaft is such us is common to many shells, and 
IS most obvious in the Pinna'. 

f Comparing the Belemnite, or internal shell of Belemno- 
sepia with the Sepiostaire, {BlainviUv)^ or internal shell of the 
Sepia Otlicinalis, we have tlie following analogies. In the 
Sepiostaire, (PI. 14', Pig. ‘2, a, e. and Pigs. 4, 4', 5), the small 
conical apex (a) represents the apex of the long calcareous pos- 
terior sheath of the Belemnite, (Pig. 7, a.), and the calcareous 
plates, alternating with horny plates, whicii form the shield and 
shallow cup of the Sepiostaire, (PI. 44', Pig. 2, e. and Pig. 5. e.), 
represent the hollow fibro-culcareous com' or cup of the Belem- 
nitc, surrounding its alveolus. 

The margin of the horny plates, interposed between tlie cal- 
careous plates of the shield and cup of the Sepiostaire, (IM. 44', 
Fig. 4, 0, e, e', e .), represents the horny marginal cavity of the 



mmiskr of si»i:( ils. 

Eighty-eight species of Beleinnites have al- 
ready been discovered ;* and the vast numerical 
aiuourii to which individuals of these species 
W( re ( xtended, is proved by the myriads of their 
fossil reniaius that fill the Oolitic and Cretaceous 
formations. When we recollect that throiughout 
both these great formations, tlie still more mime- 
roiis extinct family of Ammonih s is co-extensivc 
Mith the Beleinnites; and that each sjiecies of 
Aininonite exhibits also contrivances, more com- 
plex and perfect than those retained in the few 

cone of the Beleinriite, beyond tlic base of its hollow calcareous 
cone, (PI. 44', Fig. 7, e. e'. e’ ). This horny sheath of the Be- 
lemnite was probably formed by the j)rolongalion of the horny 
lamina) which were inter[)osed between its successive cones of 
libro-calcerous matter. 

The chambered alveolus of the Belernnite is represented by 
the congeries of thin transverse plates, (PI. 44, Fig. 4, b.) 
which occupy the interior of the sluillow eup of S(‘pio8tuire, 
(e. c .) ; these plates are composed of iiorny matter, penolratcd 
with caibonate of lime. 

The hollow' s])aces between them, (Fig. .'i, b, b',), whieh ure 
ncaily a hundred in number in the full grown animal, act as air 
chambers to make the entiie shell permanently lighter than 
W'ater ; but there is no sipliunele to vary the specilie gravity of this 
shell; and the tliin ehambers between its Iransversi* plates are 
studded with un intinity of minute columnar, and sinuous par- 
titions, planted at right angles to the plates, and giving tlicm 
support. (Fig. O', 6 0"*). 

The absence of a siphunelc renders tlic Sepiostaire an organ of 
more simple structure, and of lower oilice, than the more com- 
pound shell of Belernnite. 

* (See index to M. Ibocliant de Viliier-’ Translutioii of Dc* la 
Beche’s Manual of Geologv ). 
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existing cognate genera of Cephalopods; we 
cannot but infer that these extinct families filled 
a larger space, and performed more important 
functions among the inhabitants of the ancient 
seas, than are assigned to their few living repre- 
sentatives in our modern oceans. 


Conclnsiim . 

It results from the view we have taken of the 
zoological affinities between living and extinct 
species of chainl)ered slu'lls, that they are all 
connected by one plan of organization ; each 
forming a link in the common chain, which 
unites existing sp(‘cies with those that prevailed 
among llu^ <'arli<‘st conditions of life upon our 
globe; and all attesting the Identity of the dcjsign, 
that Juis eilected so many similar ends through 
such a variety of instruments, the jmnciplc of 
wliosc construction is, in every sj)ecies, funda- 
mentally the same. 

Throughout the various living and extinct 
genera of Chambered shells, the use of the air 
chamb(‘rs and siphon, to adjust the s{)ecilic 
gravity of the animals in rising and sinking, 
apjxjars to have been idcntfcal. The addition 
of a new transverse plate within the conical 
shell added a new air chaiiiber, larger than the 
preceding one, to counterbalance the increase of 
weight that attended the growth of the shell and 
body of all these animals. 
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These beautiful iirrangeittjpnts arc, and ever 
liave been, subservient to a common object, viz. 
the construction of Infdrauliv utsfnmmfs of es- 
sential importance in the economy of creatures 
destined to move sometimes at the bottom, and 
at other times ujx)u or near the surface of tlie 
sea. Tlie delicate adjustments wlieroby tlie same 
principle is extended through so many grades 
and modifications of a single type, show the 
uniform and constant agency of some control- 
ling Intelligence ; and in searching tor the origin 
of so much method and regularity amidst variety, 
the mind can only rest» when it has passed l>ack, 
through the subordinate seru s of Second causes, 
to that gn'at First (’ausi‘, whic h is found in the 
will and i)ow(T of a common ( ix'ator. 


SITTION VIII. 

! OKAMINATi:!) l’OL^ Til ALAMOUs SUI'.LLS. 


If the j>resent were a fit occasion for su< h minute, 
inquiries, the investigations of the various known 
species of Microscopic shells would unfold a 
series of contrivances liaving relation to the (eco- 
nomy of the minute Cephalopods by whicli they 
were constructed, not less striking than those we 
have been examining in tlu‘ sliells of extinct 
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(ienera and f^pcx^s of larger Coplialopods. 
M. D’Orbigny has noticed from BOO to 700 spe- 
cies of these shells, and has prepared magnified 
models of 100 species, comprehending all tin' 
Genera.’*^ 

The greater nuiuher of these shells arc micro- 
scopic, and swarm in the ^rcKliterraneau and 
Adriatic. Their fossil sj)(‘(‘i<*s abound chiefiy in 
(lie Tertiary 1‘orniations, and have hitherto Ix'cn 
noticed principally in Italy. (Sec Soldani, as 
(piotcal at page 1 17 of this volume.) Th(?y occur 
also ill the ( halk of Meudou, in the Jura Lime- 
stone of the (liarente infe^rienre, and the Oolite 
of Caine. They have Ix iai found ))y the Marcjuis 
of Northampton in dialk Hints from the neigh- 
bourhood of lirigliton. 

* M. 1)’( V, ill ITh ( 'lassifuMtion oj' ilic shells of Ccpha- 
lopodoiis lVI()llii:^ks, lias estaMislicil iliror orders, l. Those that 
have but a single ( hauibiT, like the shell of tlie s('])ia and horny 
pen of the Lolij^o. 2. Polythidaiiious shidls, vvhicli have a 
siphunele passing through all the internal ehuinhers, and which 
terminate in a largi' external ehainhei, beyond tlie last partition, 
such as Nautili, Aiumonites, and Ik leninites. 'h Polythalainous 
internal sliells, whieh have no chamber beyond their last par- 
tition. 

Shells of this Order have no siphumde, but the chambers 
coiumunieate with each other by means of one or many small 
foramina. On this distinction he has founded his Order J'ora- 
tniniJereSf containing live families and lifty-lwo genera. 

It may be necessary to apprize the reader that doubts have 
been entertained as to the eephalopodous structure of some of 
these minute multiloeular shells ; and that there are not wanting 
those who attribute to them a ditferent organization. 
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The NummuHtc in the Genus 1 shall 
select on the present oci'asion from this Order. 
It is included in M. DOrbiunv s Sciction Nan- 
tiloids. 

Nuinmulites (PI. 44, V'v^, 0, 7,) arc so culled 
from their resemblance to a pi(TO of mom'y, 
they vary in size I’rom that of a crown pieces to 
microscopic littleness; and occupy an important 
place in tlie history of fossil shells, on a(*coiuit 
of the prodigious extent to which tluy arc- accii- 
mulat(.^d in the latca* mc inhcTS of tln^ Sc'condary, 
and in many of the Tc‘rliary strata, '^fhey arc^ 
often pih'd on each othe r nearly in as close con- 
tact us the grains in a heap of eorn. In this 
state they form a considerable ])ortioii of tln‘ 
entire bulk of many c'xtensive mountains, v. g. 
in the Tertiary limestones of \'erona and Montes 
Bolea, and in seeondary strata of the ( 'n tac c^ons 
formation in the Al[)s, ('arpathians, and Pyre;- 
nees. Some of the jiyramids, and the S[diinx, 
of Egyj>t are eonjpo.se<l of limestone- loaded with 
Nuinmulites. 

It is impossible to see such mountain-masses 
of the remains of a single family of shells thus 
added to tlic solid materials of the; globe, without 
recollecting that each individual she ll once lit-lel 
an important place within the body of a living 
animal; and thus recalling our imagination to 
those distant epochs when llie w^ate;r.s of the 
ocean which then covertxl Eurojie were filled 
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with floating swanO of lliese extinc t Mollusks, 
thick as the countless inj^riads of Berde and 
Clio Borealis that now crowd the w aters of the 
polar seas.^ 

The Nummulites, like the ISTaiitilus and Am- 
monite, are divided into air chambers, which 
served the ollice of a float ; but there is no en- 
largement of the last chaml)er which could have 
conlaiiied any j)art of th<‘ body of the animal. 
The chambers are very numerous, and minutely 
divided by tniusverse plates ; but are without a 


* Wc have uii analogy to this j^nj)}»osed state of crowded po- 
pulation of Nummulites in the ancient scu, in the marvellous 
fecundity of the noilhein o('ean at the present time. It is 
stated by Cuvier, in his memoir on tin* Clio IVuealis, that in 
calm weather, tlic surface of the wat(‘r in these seas sw^arms with 
such millions of these mollusks (rising for a moment to the aiv 
a! the surface, and again mstanlly sinking towards the bottom), 
that tin* whales can scarr*e open their enornious mouths without 
gulping in thousands of those little gelatinous eieatures, an inch 
long, which, together with Medusa;, and some smaller animals, 
constitute the ehit'f articles of their r»>o(l ; and we have a fartlier 
analogy in the fact mentitmed in Jameson’s Journal, vol. ii. 
p. 1'2. “ That the number of small Mednsiv in some parts of 

the Greenland seas is so great, that in a cubic inch, taken up 
at random, there are no less than ti4. In a cubic foot this will 
amount tt) 110,/VJ2; and in a cubic mile (^and there can be no 
tloubt of the wat(T being charged witli them to that extent), the 
number is such, that allowinjr one person to count a million in a 
week, it would have ri‘(|uirecl 80,00t) persons, from the creation 
of the world, to complete the enumeiation.” — bee Dr. Kidd's 
mlmirable Introductory Lecture to a couise of Comparative Ana- 
tomy, Oxford, lS2t, p. IVi. 
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siphuncle.* The form of Hie essential j)urts 
varies in each spe<‘ies of this creniis, but their 
j>rinciples of construction, and manner of opera- 
tion, appear in all to have been the sanu\ 

The remains of Numninlites are ilot the only 
animal IkhIios which have contribntt'd to form 
the calcareous strata of the ernst of the earth ; 
other, and nioro minute sjKcies of ChamhenMl 
shells have also produced ^^rc'at, and most siir~ 
prisinp; effects. Lamarck (Note, v. 7. p. till\ 
speakinj^ of the JMiliola^ a small multilocnlar 
shell, no larij;er than a millet seed, m ith which 
the strata of many ((uarrii's in tin' iHrii»hl)onrhood 
of Paris arc largely interspers(‘d, notices tlic' 
important intlnence which tlu se minute bodies 
have exercised by rc'ason of thc*ir niuncTic’al 
abundance. We scarcely ron(h'S(*<‘nd, sjiys h<‘, 
to examine microscopic shells, from their insi^« 
nificant size; hnt we ccasc* to tliink them insig 
nifieant, when we re lied that it is by means of 
the smallest objects, that Nature^ c^very wlicre 
prodtices her most remarkable and astonishing* 
phoiioinena. Whatever she may seem to lose* 
in point of voluincj in the production of liviin; 
bodies, is amply jnade up by the nuinlior of <hc‘ 
individuals, which she multiplies vvitli admirahh* 

* In PL 44, Fip:3. 6, 7, sections of two species of Nuniiiiulilc 
are copied from Parkinson. Tliese show the manner in*' whi<4i 
the whorls are coiled up round each other, and divided by ohli(pic 
septa. 

O. < c 
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promptitude to infinity. The remains of such 
minute animals have added much more to the 
mass of materials which compose the exterior 
crust of the globe, than the bones of Elephants, 
Hippopotami, and Whales. 


f'llAPTEU XVI. 

Proofs of lyesio'n in the Structure of Fossil 
A r/irulaled A nimats. 

The third grand division in ('uvior's arrange- 
ment of the animal kingdom, viz. the articulated 
animals, comprelu nds four (‘lasses. 

1. Tlie Amielidans, or worms with red blof^d. 
"2. Oustaceuns, most familiar to us under the 
form of Crabs and lA)bsters. 

3. Arachnidans, or SpidcTs. 

4. Insects. 


SECTION I. 

First Class of Articulated Animals, 

FOSSIL ANNELIDANS. 

However numerous may have been the ancient 
species of Annelidans without a shelly covering, 
naked worms of this class can have left but slight 
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:m7 

traces of their existence, except the holes they 
perforated, and the little accumulations of sand 
or mud cast up at iJie orifice of thcsi' perfo- 
rations; in «a preceding chapter* we have noticed 
examples of this kind. We have also nimmlant 
evidence of the (‘arly and contiini(‘d prevalence 
of that ord<T of Annelidans, which formed shedly 
calcareous tubes, in the occurreiu'e of fossil Ser- 
j)ula^ in nearly all formations, from the Tran- 
sition periods to the present time. 


SK( TION 11. 

Sivond dans of Arlirtf/o/rd Afomo/s. 

CKCSTACFANS. 


Tin: historvof fossil ( ’nista< ('ans basbei'U hillierlo 
almost nntoucli(‘<l by l^aheontoloi’ists, and tlicir 
relations to the existing (ien(‘ra of ibis great (‘lass 
of the Animal Kingdom are too litth^ known to 
admit of discu.ssion in ibis j)la('(‘. W(‘ may judgi^ 
of their extent in certain I'orinations, from the 
fact, that in tlie cabinet of (‘omit .Munst<*r, tin re 
arc nearly sixty species (‘ollected from a single 
.stratum of the durassic Limestone of Sob’nbofeii. 
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A rich harvest, therefore, remains in store for the 
Naturalist who will trace this interesting subject 
through the entire series of Geological formations. 

The analogies between existing species, and 
certain fossil remains of Crustaceans have been 
beautifully illustrated by the investigations of 
M. Desmarest. From him we learn, that all the 
inequalities of the (‘xtcrnal shell in the living 
species have constant relation to distinct coni- 
jiartnients in their internal organization. By the 
application of these distinctions to fossil species, 
he has pointcid out a method of comparing them 
with living Crustaceans in a new and unexpected 
manner, and has eslahlishod satisfactory analo- 
gies between tln^ ('xtinct and existing members 
of this very numerous (lass, in cases where the 
legs and otiua* parts on which gcru'rie distributions 
have Ix^en founded, were eiitin ly wanting.* 

Referring niy readers to tliese valuable com- 

• n. Von IVU'yi'V has rcTcntly noticed hvtf or six extinct 
genera of Macrounms Decapods in the Muschel-kalk of Ger- 
many. (hconhardt and nroiiii Jabrbuch, lSdr>.) 

The Ruhjocl of Knglish fo'ssil Astacid^ {('rawjishrs) is at this 
time receiving important lUustration in the able hands of Prof, 
Phillips, 

In a recent communication to tin* (itoloLiical Society (June 
10» 1835), Mr. Broderip deserdn's some very interesting remains 
of Crustaceans from the Lias at Lyme Hegis, in the collection of 
Viscount Cole. In one of these, the LamelliK of the external 
Autenme, the form and situation of the eyes, and other characters 
show tl\at it was a macrourous dteapod internudiate between 
Palinurus and the Shrimps. 

A fragment of another macrourous decapod proves the exist- 
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menccment^ of the history of fossil Crustaceans, 
I proceed to select one very remarkable family, 
the Trilohitcs^ and to devote to them that detailed 
consideration, to which they seem iKJCiiliarly en- 
titled, from their apparently anomalous struc- 
ture, and from the obscurity in which their history 
has been involved. 


7Vifofnfi's. 

The ^reat extent to which Trilobites are dis- 
tributed over the surface of the f^lolu , and their 
numerical abuiulauce in the places when*, they 
liave been discovered, are remarkable features 
ill their history; they occur at most distant 
points, both of the Northern and Southern Hemi- 
sphere. Tliey have Ihhui fouml all ovct Nortlu*rn 
Miirope, and in numerous hualities ia North 
America; iii the Southern Jlciuisphert* tlK*y occur 
ill the Andes/ and at the (’ape of Good Hope. 

cncc at this ouily period (»f a crustacean approaching to Pali- 
nurus, and as large as our common Sea (’rawlish. 

Two other specimens exhibit the breallnng organs of anotinM 
delicate Crustacean, with the llp^ ol‘ the lour larger and 1‘oui 
smaller bruiichia' preserved, and pointing towards the region ol’ 
the heart, showing that these fossil Cruslaeeuiis belonged to the 
highest division of the Mavroura. They nuninfled Mr. Broderij) 
of the living Arctic forms of the inacrourous decapoels. 

1 learn from Mr. Pentland that M. D’Orbigny has lateily 
found Trilobites accompanied by Stniplioinena an<l Producta in 
the Greywacke slate formation of the: LCastein Cordillera ol’ the 
Andes of Bolivia. Picsh watei shclK, Melania, .Melanopsi.>, and 
prob.ibly Anoduii, occui also in the same lotk laci whirlj 
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No Trilobites have yet been found in any 
strata more recent than the Carboniferous series; 
and no other Crustaceans, except three forms 
which are also Entomostracous, have been no- 
ticed in strata coeval with any of those that con- 
tain the remains of Trilobites;’*^ so that, during 
the long periods that intervened between the 
deposition of the earliest fossiliferous strata and 
the termination of the Coal formation, t the Tri- 
lobites aj)])ear to have been the chief representa- 
tives of a class w hich was largely multiplied into 
other orders and families, after these earliest 
forms of luarim; ('rustaceans became extinct. 

The fossil remains of this family have long 

s>eoiijs to tlic n'coiit t]iscov<*ry f)f ^imil'dr fossils in tlio 

'^rroiisillon rocks of liclaml, CJcriiuiny, and the United States. 
The I'rosh water fossils occurred near Polosi, at an elevation of 
13,200 feet. 

M. D'Orbigny’s s[)ociincns also coidirin Mr. l\nitland’s view, 
as to the aiKiUluicH between the grt'at Limestone formation of 
(his district, and tin; Carboniferous limestones of England ; and 
as to the great extent also of the Red Marl, and New red sand- 
stone formations on the Continent of South America. 

In Scotland two geneva of Emtoinostrac'ous Crustaceans, the 
Euryjilerus, and Cypris, occur iu the Fresh water lime-stoue 
beneath the Mid lA)thian Coal Field ; the Eurypterus at Kirkton, 
near Bathgate, and the Cypris at Buidiehouse, near Edinburgh. 
{Trans, lloijal Soc. Edin. \ol. xiii.) The third Cienus, Limulus, 
has but recently been recognised in the C oal Formation, and 
will be described presently. The Entomostracuns appear to 
have been the only representatives of the Class Crustaceans until 
after the Deposition of the Carboniferous Strata. 

t Trilobites of a new species lui\e lately been found in Iron- 
stone from the centre of the coal measures in Coalbrook-dale. 
Lend, and Edin. Phil. Mag. vol. 4. 1834, p. 376. 
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attracted attentioin from their strange pecu- 
liarities of contigumtion« M. Brogniart, in his 
valuable History of Trilobites, 1B22> enumerated 
five genera,* and seventeen species; otlier writers 
(Dalmaii, Wahleiiberg, Dekay, and Green,) have 
added five more genera, and extended the number 
of species to fifty-two ; exainj)les of four of these 
genera are given in Plate 4d. Fossils of this 
family wxtc long confounded witJi Insects, under 
the name of Entoniolithus paradoxus; after many 
disputes respecting their true nature, their place 
has now been fixed in a se])urate sec tion of the 
class Crustaceans, and although the e ntire ftunily 
appears to have bcH‘U anuihilatt'd at so early a 
period as the teriuiiuition ol’ the Carboniferous 
strata, they iievertluhss presiut analogies of 
structure, wdiich place them in lu^ar a]»proxima- 
tion to the inliabitants of the existing s(‘as.i 

The anterior segiueiit of the Trilobites (PI. 
a, pasjfim,) is eoiuposed of a large si ini-circular, 
or crescent-sha[)ed shield, succc'cdtMi !)y an ab- 
domen, or body (c), composed of numerous seg- 
ments folding over each other, like those in a 
Lobster’s tail, and generally divided by two 

* The names of these Cienera areCalymene, AsuphuS; O^^y^es, 
Paradoxus, and A^nostns. Some of these terms are. devised ex- 
pressly to denote the obscure nature of the bodies to which they 
are attached; e. g. Asaphns, from obscure; C'alymene, 

from concealed ; wonderful; uyvwtrroc, 

unknown. 

f See M. Audouin's Rechci<-hes sur h s Rapports naturels ipii 
existent cutre les Trilobites et ks Auiinaux articules. 
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longitudinal furrows into three ranges of lobes, 
from which they have derived the name of 
Trilobites. Behind this body, in many species, 
is placed a triangular or semi^lunar tail or post- 
abdomen (d), less distinctly lobated than tlie 
body. One of these Genera, the Calymene, has 
the property of rolling itself up into a ball like 
a common Wood-Louse. (See PI. 46, Figs. 1, 

4, 5.) 

The nearest approach among living animals 
to the external form of Trilobites is that afforded 
by the genus Serolis in the class Crustacea. 
(See PI. Figs. (>, 7.)* The most striking 
difference between this animal, and the Trilo- 


^ The Cleiius Serolis was (irst established by Dr. Leach, on the 
authority of specimens collected by Sir Joseph liaiiks, in the Straits 
of Magellan (or rather of Magalhaens, the proper name of the 
navigator, according to Capt. King) during Sir Joseph’s voyage 
with (Japtain Cook, and given by Sir Joseph to the LinnoDaii 
Society ; and of another specimen of the same Genus from Sene- 
gal given by Mr. Dufresne to Dr. Leach. From these Dr. Leach 
described and named the species represented in our plate; his 
description of this Genus is published in the Dictloiinaire des 
Sciences Natiireiies, v. 12, p. 340. Captain King has lately col- 
lected many specimens of Serolis on the east coast of Patagonia, 
lat. 45. S. 30 miles from the shore, and brought u}# by dredging 
in 40 fathoms water; and also at Port Famine, in the Straits 
of Magiilhaens, where it was thrown upon the beach by the tide; 
here C’aptain King saw the beach literally covered with them 
dead ; he has observed them alive swimming close to the bottom 
among the sea- weed ; their motions were slow and gradual, and 
not like those of a shrimp; he never saw them swimming near 
the surface ; their legs seemed shaiH'd for swimming and crawling 
on the bottom. 
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bites, ( onsists in there beinp: a fully ilevelopod 
series of cmstaccous legs and antennse in the 
Serolis (PL 45, Fig. 7.), whilst no traces of either 
of these organs have yet been discovered in con- 
nexion with any Trilobite. M. Brogniart explains 
the absence of these organs, by conceiving that 
the Trilobites hold precisely that place in the 
class Crustaceans (fry /«wo5rawrAiVi), in which the 
antennae become very small, or altogether fail ; 
and that the legs being transfonned to soft and 
perishable paddles (pafft's), bearing branchias 
(or filamentous organs for breathing in water), 
w’ere incapable of preservation. 

A second approximation to the character of 
Trilobites occurs in the Limnlus, or King crab 
(Lamarck, T. 5, p. 115.), a genus now most 
abundant in the seas of warm climates, cdiiefiy 
in those of India, and of the coasts of America 
(see PL 45, Figs. 1 . *2.) Tlu‘ history of this genus 
is important, on account of its relations, both to 
the existing and extinct forms of Crustaceans; 
it has been found fossil in tin* Coal formation of 
StafTordshire and Derbyshire; and in the Ju- 
rassic limestone of Aichstadt, m ar Pappenheim, 
together with many other murine Oustaceans of 
a higher Order,'*' 


* the genus Limulus (see FI. 45, Fig^s. 1. 2.) there are but 
faint traces of antennae, and the shicl<l (a.), which covers tin* 
anterior portion of the body, i'» expanded entirely (»vci a series 
of small crusta<To«s lc^s<Ff^. 2. <i.). Ucnealh «h< sccoiul, oi 
abdominal poilio!» of the shell (c.), is placed a "eiics f)f thin 
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A tliircl example of this disposition, in an 
animal belonging to the same class of Crus- 
taceans, whereby the legs are reduced to soft 
paddles, and combine the functions of respi- 
ration with those of locomotion, is afforded by 
the Branchipus stagnalis, (Cancer stagnalis, 
Lin.), of our English ponds, (see PI. 45, Figs. 
3, c. 4, c. 5, c.) 

In the comparison here made between four 
diflcTeiit foiuilicjs of Crustac^eans, for the purpose 
of illustrating tJie history of the long extinct 
Trilobites, by ihe analogies we lind in the Serolis, 
lamuhis, and Branchipus; we have a beautiful 
examph', taken from the extreme points of time 


horny transverse plates (h’lt*;. ‘2, o. 2, e. and 2, e".) supportiiij^ 
the fibres of the branehia*, and at the same time acting' as paddles 
for swinnniijg. The saint* disposition of laminated branchift' is 
found also in the Scrolls, I’ig. 7. c. Fig. is a inagnihod 
representation of these lanunatod branchia*, very similar to those 
at Figs, d, e. and 5, e. 

Thus while the Serolis (t'ig. 7) presents an union of antennm 
and crustaceons legs with soft paddles bearing the Hranchia% we 
have in the Liinnlus (Fig. 2), a similar disjiosition of legs and 
paddles, and only slight traces of antenna?; in the Branchipus, 
(Figs. II and .‘i,) we lind antenmv, but no crustaceons legs; while 
the Trilobite, being without antenme, and having ali its legs 
reprrstmted by soft paddles, as in Branchipus, is by the latter 
condition placed near Branchipus among the Entoinostracous 
Crustaceans, in the Order of Branchiopods, whose feet are repre- 
sented by ciliated paddles, combining the functions of respy^ation 
and natation. At PL 45, Fig. IL o. Fig. 4. e, Fig. 5. c, represent 
the soft branchiic of Branchipus, performing tiic tlouble office 
of feet and lungs. 
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of which Geology takes cognizance, of that 
systematic and uniform arrangement of the 
Animal Kingdom, under which every family is 
nearly connected w itii adjacent and cognate fa- 
milies. Three of the families under considera- 
tion are among the prc‘sent inhabitanls of the 
water, while the fourth has bt'cn long extinct, 
and occurs only in a fossil state*. Wlieii we seti 
the most ancient Trilobites thus phua d in iinnu - 
diate contact with our living (Vuslnceiins, we 
cannot but recognize them as forming {)art and 
parcel of one great system of Creation, connected 
through its whok^ (XleiU by perfect unity of 
design, and sustained in its minutest parts by 
uninterrupU'd harmoni<‘s of organization. 

We liave in llie Trilobite s an examples of tliat 
peculiar, and, as it is sometinus called, rudi- 
mentary dejvclopmeiil of the? organs of loe’omotiem 
in the Class ('rustae:e,*ans, whe reby the lejgs are 
nmele subservieait to the elouble? functions of 
paeldlos and lungs. Tlw advocate? for tlie the'ory 
of the derivatiem of exi.sling more* pe rfect specieis, 
by successive e bangt s from more simple ancient 
forms, might imagine? that he see s in the? Trilo- 
bite the extinct parent stock from whie h, by a 
series of develoj)mciits, consecutive forms of more? 
perfect Crustaceans may, during the lapse of age*s, 
have been derived ; but according to this hypo- 
thesis, we ought no longer to fnid the same* simple? 
condition as that of the Trilobite still retained in 
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the living Branchipus, nor should the primeval 
form of Limulus have possessed such an inter- 
mecKatc character, or have remained unadvanccd 
in the scale of organization, from its first appear- 
ance in the Carboniferous Series,* through the 
midway periods of tfic secondary formations, unto 
the present hour. 


Eyes of Tnlohites. 

Besides the above analogies between the Tri- 
lobit(‘S and certain forms of living ( rustaceans, 
there remains a still inon* important point of 
resemblance; in the structure of th(;ir eyes. This 
point deserves jieculiar consideration, as it af- 
fords the most ancient, and almost the only 

* The very ran* fossil in Martin’s Potrifacata Dcrbi- 

onsia (Tab. 4.'), Fi^;. 4,) by the iiamt of Fnloinolitlms Mouocu- 
lites (Lvtinfus) .i])|n'ais to In* a Limulus. It was found in Iron 
Stem* of tho C’oal formation on tho borders of Derbyshire. 

A similar fossil in the collection of Mr. Ansticc, of Madely, is 
engraved in our Plate 4(r, Fig. 3. 

In the Secondary period, during the deposition of the Jurassic 
limestone, the Limulus abounde<l in the seas which then covered 
central CJcrrnany ; and it still maiulaius its primeval interme- 
diate form in the King Crab of the present ocean. 

My friend Mr. Stokes has discovered, on the under side of 
a fossil Triiobite from Lake Huron (PI. 45, Fig. P2.), a erus- 
taceous plate (f.) forming the entrance into the stomach, the 
shape and structure of which resemble those of the analogous 
parts in some recent Crabs. This organ forms another link of 
connexion between the dVilobite and living C'lustaceaus. — GeoL 
Trans. N. S. vol. i. 4>. *20b, Pi. 27. 
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example yet found in the fossil world, of tiu* 
preservation of parts so delicate as the visual 
organs of animals tliat ceased to live manj* 
thousands, and perhaps millions of years ago. 
We must regard these organs with feelings of no 
ordinary kind, when we recollect that we hav(* 
before us the identical instruments of vision, 
through which the light of heaven was adniitud 
to the sensorium of some of tlio tirst creaU'd 
inhabitants of our planet. 

The discovery of such instruments in so ptu- 
feet a state of preservation, ixtXvr having been 
buried for incalculable ages in the early strata 
of the Transition formation, is one of the most 
marvellous facts yet disclosi'd by geologicfil re- 
searcla s ; and the structure of thes«‘ (^ye s supplie s 
an argument, of high importance in coiiinrting 
togetluT the extrc'iue j)oints of tin? animal crea- 
tion. An ide ntity of meehauical arrangements, 
adapted to the eonstruction of an optical instru- 
ment, precisely similar to tliat whieli forms tla^ 
eyes of existing insects and ( rustaceans, affbnis 
an example of agreement that seems utterly in- 
explicable without reference to the exercise of 
one and the same Intelligent Creative power. 

Professor Muller and Mr. Straus* Iiave ably 
and amply illustrated the arrangements, by whi(!li 
the eyes of Insects and Crustaceans are adapt'd 

* See Lib. Ent. Knowledge, v. 12.; and Dr. RogeCs Hridtce- 
water Treatise, vol. ii. p. 4KG et seq. and Fig. 422 — 42b. 
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to produce distinct vision, through the medium of 
a number of minute facets, or lenses, placed at 
the extremity of an equal number of conical 
tubes, or microscopes ; these amount sometimes, 
as in the Butterfly, to the number of 35,000 
facets in the two eyes, and in the Dragon-fly 
to 14,000. 

It appejirs tliat in eyes constructed on this 
principle, the image will be more distinct in 
proportion as the cones in a given portion of the 
eye arc more numerous and long ; that, as com- 
pound eyes sec only those objects which present 
themselves in the axes of the individual cones, 
the limit of their field of vision is greater or 
smaller as the exterior of the (‘ye is more or less 
hemispherical. 

If we examine the eyes of Trilobites with a 
view to their principh'S of construction, we find 
both in their form, and in the disposition of the 
facets, obvious examples of optical adaptation. 

In the Asaphus caudatus (sec PI. 45, Figs. 9 
and 10.), each eye contains at least 400 nearly 
spherical lenses fixed in separate compartments 
on the surface of the cornea.* Tln^ form of the 


* As the Crystalline Umis in the t vo';of Fishes is s|>herical, and 
those in the Eye of Trilobites are nearly so, thoiv seems to be 
in this form an adaptation to the medium of Water, whic h would 
load us to expect to hud a similar form of lens in the compound 
Eyes of all marine (hustacea, and probably a different form in 
the c'ompound Eves <>f Insects that live in Air. 
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general cornea is peculiarly adapted to the uses 
of an animal destined to live at the bottom of the 
water : to look downwards was as much impos- 
sible as it was unnecessary to a creature living at 
the bottom ; but for horizontal vision in every 
direction the contrivance is complete. i The 
form of each eye is nearly that of the frustum 
of a cone (see PI. 45, Figs. 9 and 10.), incom- 
plete on that side only which is directly opposite 
to the corresponding side* of the other eye, and 
in which if facets were present, their chief range 
would be towards each other across the head, 
where no vision was n^quired. The exterior of 
each eye, like a circular bastion, ranges nearly 
round three-fourths of a circle, each commanding 
so much of the horizon, that w here the distinc t 
^ision of one ey<‘ ceases, that of the other eye 
begins, so that in tin* horizontal direction the 
cond)iiH‘d range of both (*yc‘S Mas panoramic. 

If we comj)arc this disposition of I hi* eyes with 
that in the three cognate (Vustaceans, by which 
we have been illustrating the general structure of 
the Trilobitcjs, w e shall find the same mechanism 
j)ervading them all, modified by peculiar adap- 
tations to the state and habits of each ; thus in 
the Branchipus (PI. 45, Fig. 3, b, If), which 
moves with rapidity in all directions through the 

t The facetted eyes of Uees arc disj»osi*(I most favoiirahly for 
horizontal vision, and for looking; downwards. — Lib. Ent. Knowl. 
V. xii. p. 130. 
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water, and requires universal vision, t acli eye is 
nearly heinisjiherical, and placed on o peduncle, 
by which it is projected to the distance requisite* 
to effect this purpose. (See PL 45, Fig. 3, b, 
and b .) 

In the Serolis (PL 45, Fig. 0. b'.), the dispo- 
sit ion of the eye, and its range of vision, are 
similar to those in the Trilobite ; but the summit 
of the eye is less elevated ; as the flat back of 
this animal presents little obstruction to the rays 
of light from surrounding objects.* 

In the Limulus (PL 45, Fig. 1.), where the 
side eyes (b, b .) are sessile, and do not command 
the space immediately before the head, two other 
simple eyes (b ') are fixed in front, compensating 
for the want of range in the compound eyes over 
objects in that direction.! 

In the above comparison of the eyes of Trilo- 
bites, with those of the Limulus, Serolis, and 
Branchipus, we have placed side by side, exam- 
ples of the construction of that most delicate and 

* Fig. I, b'. Fig. 3. b'. and Fig. 6. b'. arc magnified repre- 
sentations of the eyes to which these figures are resptjctively 
adjacent. Figs. 10. and 11. are dilFerently magnified forms of 
the eye of Asaphus caudatns, which in hAg. 9. is repr(‘serited of 
its natural size. A few of these lenses are semi-transparent ; 
they arc still set in their original rims, or frame- work of the 
cornea, the wliole being converted into ealcareoiis spar. 

f These eyes arc placed so close together, that, having been 
mistaken for a single eye, they caused the name of Monoculus 
Polyphemus to be applied to this animal by Linnseus. 
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coDiplex oruaii tlio eye, selected from each ex- 
treme, mid from a midway place in tlie propessive 
series of animal creations. \Ve tind in Trilo- 
bites of the Transition rocks, which were amon*^ 
the mo>t am*ient forms of animal life, the same 
modifications of this or^an >\hich are at the 
present time adapted to similar fiim^tions in the 
living* Serolis. The same kiml of instrnment 
was also employed in those middle [)eriods of 
geological chronology m Ik'h the StTondary strata 
were deposit'd at the bottom of a warm sea, in- 
habited by IJmnli, in tlu' regions of Europe 
Mdiich now' form the elevated jdains of central 
Germany. 

The results arising from these facts are not 
confined to animal Physiology; they give infor- 
mation also regarding the ( ondition of the an- 
cient Sea and ancient Atmosj)lH‘r(\ and tJie 
relations of both these iiudia to laghl, at that 
remote period whcai the <*arli(‘st marine animals 
were furnished with instruments of vision, in 
which the minute o}>tieal a<laplations W'crc the 
same that imparl the peree]>tion of light toCrns- 
taccjins now living at the bot tom of tlu', sea. 

With respect to the waters wherein tlie Trilo- 
bites maintained their (‘xisti nee throughout th(‘ 
entire period of the Transition formation, wv 
conclude that tJiey could not liavc be(*n (hat 
imaginary turbid and compound Ghaotic. fiui<l, 
from the precipitates of which some Ge ologists 


D n 
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have snj)posod the materials of tlic surface of 
the l artli to be derived ; because the structure 
of tlie eyes of these animals is such, that any 
kind of fluid in which they could have been 
etticieut at the bottom, must have been pure and 
transparent enouii^h to allow the passage of light 
to orgafis of vision, the nature of which is so 
fully disclosed l>y the stale* of ptafection in wdiich 
they arc presc rvc'd. 

With regard to tin* Alinospheni also we infer, 
tinat had it difl’ered materially from its actual 
condition, it might have so far allected tin? rays 
of Light, that a corresponding dillen'iici* from 
the eyes of (‘xistiieg ( rustaceans w ould have been 
found in tlu* organs on which tlu* impressions 
of such rays wa n* th(‘n rece ived. 

IJ(‘garding Light itself also, wi* h‘arn, from 
th(' res(‘ml)lance of these most ancient organi- 
zations to existing <'yes, that tin* mutual relations 
of Light to the l-ye, and of the Kye to Light, 
were the saim^ at the tinu* when Crustaceans 
endowed with the faculty of vision wex'c first 
plac(*d at the bottom of the ])vimeval seas, as at 
the pres(*nt moment. 

Thus we tind among tiu* ( arliest organic 
remains, aii ()i)tical instrument of most curious 
construction, adapted to jnoduce vision of a pe- 
culiar kind, in the then existing representatives 
of oiui great Class in the Articulated division of 
the Animal Kingdom. We do not find this 
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inslniment [lassinu onwardsi, as it were, through 
a series ol’ <^\j)eriiiHMihil eliangc's, from more 
simple into more' eomj)lex forms ; it was ereated 
at the very first, in the fulness of perfect adap- 
tation to the; use's aiiel e eindition of the* e lass of 
creatures, to which this kiiul e>f eye', has ever 
been, and is still appropriate. 

If we should iliseover a microscope', or leles- 
e'ope, in the' haml of an l]L:\ptian Mummy, or 
beiH’ath the rums ot 1 le reulaiu um, it woulel he; 
impossible' to de ns that a kuowledue' of the' prin- 
e ipKs of Optics e visttul in tin* uiiiiel by whie*h 
sue*li an inslrumeut hael liee'U eontrise'el. I'he' 
same inl’ere uee' i'olloss s, but s\ ilh e umulative' force', 
when A\e’ see' ue'arls lour huudred mieTose‘e)pic 
h'uses set siele' by side*, in the* e-ompound e'se of a 
fe)ssil 'rrilo])i(e' ; aiiel (he* we ight e)f ihe* aruume'ut 
is multiplie'd a tlioiisanei fold, wlu'it we; leieik 
to the; inlinite sarie ty of aela[>tations by wliich 
similar inslninu nts bave* be'cn moelilieel, throngli 
endle ss ue in ra and spe e ie s, from llu' long-lost 
'^frilobite’s, of tin- Transition strata, tliroiigh the* 
e'xtinet ( h*nstae*eans e)f the* See*ondary and Ter- 
tiary formatieins, and tlie nee' emwarels threinghout 
existing ('rnstae:eans, anel the (■e)untl(*ss hosts ol* 
living Insects. 

It appears impejssilile to resist the' eone lusions 
as to Unity of l)e.sign in a e-ommon Author, 
wliieli are thus atteste d hy sne li (aimnlative* e vi- 
dences of Creative Intelligence and J\)wer; 
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both, as iiifinitel}'' surpassing the most exalted 
faculties of the human mind, as the mechanisms 
of tlm natural world, when magnified by the 
highest microscopes, are found to transcend the 
most perfect productions of human art. 


SECTION III. 

l^hird Class of Articulated Auimals. 

FOSSIL ARACHMDANS. 

UsDF.R tli(‘ r<!lalions that now subsist between 
the animal and v(*a(*tal)h‘ kingdoms, the connec- 
tion of terrestrial l^Iants with Insects is so direct 
and universal, that each species of plant is consi- 
dered to alford nutriment to three or four species 
of insects. Tin* general priiieij)lo Avliich we have 
traced throughout the Secondary and Tertiary 
formations, ever operating to maintain on the sur« 
face of tlie earth the greatest possible amount of 
life, affords a strong antecedent proliability that 
so large a mass of terrestrial vegetables as tliat 
which is preservt'd in the Carboniferous strata of 
the Transition seritis, held the same relation, as 
the basis of nutriment to Insect families of this 
early date, that modern vegetables do to this most 
numerous class of existing terrestrial animals. 
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Still further, the actual provisions for restrain- 
ing this Insect class witliin due bounds, by the 
controlling agency of the carnivorous Arachnidans 
would lead us to expect that Spiders and Scor- 
pions were employed in similar service during 
the successive geological epochs, in which wc 
have evidence of the abundant growth of terres- 
trial vegetables. 

Some recent <liscovcrics confirm the argument 
from these analogies, by the test of ac tual obser- 
vation. The two great families in the higher 
order of living Arachnidans (Piilmonarim) are 
Spiders and Scorpions; and we have (widence to 
shew that fossil remains of both these families 
exist in strata of very high antiquity. 


Fossi/ Spiders, 

Although no .Sj>iders have been yet discovered 
in any rocks so ancient as the Carboniferous 
series, the presence of Insects in this series, and 
also of Scorpions, renders it liighly probable that 
the cognate family of Spiders was co-ordinate 
w'ith Scorpions, in restraining the Insect tribes of 
this early epoch, and that it will ere long be re- 
cognized among its fossil remains.* 

* The animal found by Mr. W. Ansticc in the Iron stone of 
CoaJbrook Dale, and noticed by Mr. Prestwich as ** apparently 
a Spider" (Phil. Mag. May, 1834, v. iv. p. 376), has been subse* 
quently laid open by me, and shewn to be an Insect, belonging 
to the family of Curculionidm. (PI. 46", Fig, I.) At the time 
when It was figured, and supposed to be a Spider, its h^d and 
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^he existence of Spiders in the Jurassic por- 
tion of the Secondary formations has. been estab- 
lished, by Count Munster’s discovery of two spe- 
cies in the lithographic limestone of Solenhofen. 
M* Marcel de Serres and Mr. Murchison have 
discovered fossil Spiders in Freshwater Tertiary 
strata near Aix in Provence. (See PI. 46", Fig. 
12 .) 


Fossil Scorpions. 

The address of my friend Count Sternberg to 
the members of the National Museum of Bohemia 
(Prague, 1635 ), contains an account of his disco- 
very of a fossil Scori)ion in the ancient Coal 
formation at the village of Chomlc, ncarRadnitz, 
on the S. W. of Prague. This most instructive 
fossil (the first of its kind yet noticed) m as found 


tail wove covered by Ivon stone, and its appearance much re- 
sembled an animal of this kind, Mr. Prestwich announces also 
llie discovery, in the same formation, of a Coleopterous Insect, 
which will be further described in our next section, as referrible 
also to the Curculionidu;. 

It is scarcely possible to ascertain the precise nature of the 
animals, ruddy H;j^iired as Spiders and Insects on Coal slate by 
Lhwyd, (lohnojiraph. Tab. 4,) and copied by Parkinson, (Org^, 
Rem. V. iii. PI. 17, Pi^s. d, 4, 5 , G) ; but his opinion of them 
is rendered highly jir()!)able by the recent discoveries in Coal- 
brook Dale : “ Scrips! olini suspicari me Araneorum quorundam 
icones, unit cum Lithophytis in Schisto Carbonari^, observasse : 
hoc jam ulteriore exporientlu edoctus apert^ assero. Alias icones 
habeo, qum ad Scarabccorum genus qukin proximo accedunt. In 
postcnim ergo non tantum Lithuphyta, sed et queedam Insecta in 
hoc lapide investigare conabimur.** Lhwyd Epist. iii. ad fin. 



FOSSIL SCORPION. 


407 


in July, 1834, in a stone-qimrrj’', on the outcrop 
of tlie Coal measures, near a s]>ot where coal has 
been wrought since the sixteenth century. In 
the same quarry were found four erect trunks of 
trees, and numerous vegetable remains, of the 
same species that occur in tlie grt'at (\)al forma- 
tion of England. 

A series of drawings of this Scorpion was sub- 
mitted to a sekct ( ommittee at the meeting of 
Naturalists and Physicians of (uaniany, inStnt- 
gard, 1834 ; and from their rej)orl tin* siihjoined 
particulars an* taktan All onr I'igures, (P1.4b .) 
are coj)ied from those attached to tliis ll(‘port, 
in tlic Transactions of the Musmiin of llohemia, 
April, 1833.^ 


* This fossil Scorpion ilili'crs from cxistm” species, less m general 
striicfurt' tliaii in the position nf tlir cys. In ilir l.ittci icspccl, 
it ajjproachcs ncaicsi to tin nn- A udnu t<nms, winch, like it, 
has twelve eyes, hut <ii:lcii ntl\ <lispus((| fioin llu^si- of the fossil 
species. Fioin the lu'.nls t iiml.n aiMiijuncnt of tlicM' oavnis 
in the latter uiiiiikiI, it has hi-cn landed uiulu a iiew' ^’enus, f //- 
cl()})hfhalmus. 

The sockets of all lhc.se tucl\(‘ cys aic perfec tly preserved. 
(FI. !()'. ii^. rt.) Oiu «>rihe small ese^, and the left large, eye, 
still retain their form, with the* eoinea pie.servt'd in a wiinkled 
State, and tluii interior lilled with earth. 

The jaws also are very distinct, but in a reverse d position. (FI. 
4(> fig. ‘J. a.) Ihith thesi* jaws have ihiei* projei'tin;; ti'eth, and 
one of them (TM. 40', Figs. 4. ."e) exhibits, when magndied, the 
hairs with which its homy integium nt was eovt ied. 

The rings of the thoiax. (appan ntly eight) and f)f the tail, aie 
too much disloeati’d for then lomda i f<> la aciaii.itcly disliu’ 
auished, but theydilfei fiom all known nj,. 4’h< vu w oi the 
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As far as we can argue from the analogy of 
living species, the presence of large Scorpions is 
a certain index of the warmth of the climate in 
which they lived; and this indication is in perfect 
harmony with those alforded by the tropical 
aspect of the vegetables with which the Scorpion, 
found in the Boheniian coal-lield, is associated. 


back(?l. 46\ Fig. I j lias hcvri obtained by ciiltinf; into the stone 
from behind* 

The under surfUt'C oi the auiinal is expostMl in Fl^ ‘2, with 
its charaetcristir pincers on the riulit claw. Betwet u tins claw 
and the tail lies a fossil carbonized Seed, of a species common in 
the Coal forrnution. 

The, horny covering- of this Scoipion is m a most extraordinary 
state of preservation, heiinx m itliei (leetMuposcd nor carbonized. 
The peculiar substance ( ('Int’na' or I'lj/tnui ) of which, like the 
elytra of Bct'lh s, it is piobablv (‘ompoMtl, lias resisted detxiinpo- 
sitiun and miiierali/ation. Ji can rcatlily bt‘stn[)pe(l off, isclastic, 
translucent, and horny. It consists of two laycis, Imth retaining 
theii te\tiin\ The uppcrmosl of these (FI. iiV Fig, (i. a.) is 
harsh, alino.st ojiacpic, of a dark- brown cidoiir, and dcxilile; the 
under skin (PI. 4(i\ JMg. (>. b.) is tender, yellow, loss elastic, and 
organized like the upper. The stiuelure of both exhibits, under 
the microscope, hexagonal cells, diviihd by strong partitions. 
Both are penetrated at intervals by pons, wliich are still open, 
cacli having a sunk uri'ida, with a iniimte o[)ening at its centre 
for the orifices of the trachea. Fig. 7. represents impressions of 
the muscular tibres connected with the movement of tlie legs. 
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BECTION IV. 

Fdhrth Class of Art ictdaled Animals. 


Although the iniiiicrical amount of livin*^ In- 
sects forms so vast a luajority of the inhabitants 
of the present land, few traces of this large class 
of Articulated animals have yet been discovered 
in a fossil slate. Tliis may probably result from 
the circumstance, that the greatest portion of 
fossil animal remains are derived from the inha- 
bitants of salt a medium in which only 

one or two species of Insects are now supposed 
to live. 

Had no indications of Insects been discovered 
in a fossil state, the presence in any strata, of 
Scorpions or Spiders, both belonging to families 
constructed to feed on Insects, would have af- 
forded a strong ^ priori argument, in favour of 
the probability, of the contemporaneous exis- 
tence of that very numerous class of animals, 
which now forms the prey of the Arachnidans. 
This probability has been recently confirmed by 
tlie discovery of two (,bleoj)tera of the family 
Curculionida? in the Iron-stone of Coalbrook 


See PI. 46". Figs. 1. 2. & 4.-1 1, 
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also of tbe wing of a Cory^alis, whid|i 
will be noticed in our description of PI. 46". 

It is Torsf/iinteresting and imp<»taat, to 
discov:eredTln''the Coal formatiim fossUTeinj||ii|i| 
irllieh establish the existence of the .great 
seetivorotfs Class Arachnidans, at 4his earl^ 
period. It is no less important to have found also 
in the same formation the remains of Insects, 
which may have formed their prey. Had neither 
of these discoveries been made, the abundance 
of Land plants would have implied the probable 
abundance of Insects, and this probability would 
have involved also that of the contemporaneous 
existence of Arachnidans, to control their undue 
increase. All these probabilities are now reduced 
to certainty, and we are thus enabled to fill up 
what has hitherto appeared a blank in the history 
of animal life, from those very distant times when 
the Carboniferous strata were deposited. 

The Estuary, or Fresh-water formation of those 
strata of the Carboniferous scries which contain 
shells of Unio, in Coalbrook Dale, and in other 
Coal basins, renders the presence of Insects and 
Arachnidans in such strata, easy of explanation ; 
they may have been drifted from adjacent lands, 
by the same torrents that transported the ter- 

• Our figures (PI. 46". Figs. 1. 2.) represent these fossils of 
their natural size. See description of this Plate for further de- 
tails respecting them. 
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restridl vegetables which have j>rt)dik*e€l the beds 
of CouL ' - 

Tlie ejeistence of the wiDg-eovers of Ii!S€lcts 
in^^he Secondary Series, in the Oolitie slate of 
Stbnesheld, has been long known ; these are all 
Coleopterous, and in the opinion of Mr, Curtis 
many of tliein approach most m arly to the liu- 
])restis, a genus now most abundant in warm 
latitudes. (See V\. 4(i'. Figs. 4. r>. (>. 7. H. f), 10.)^ 

('ount Muiisler has in his (‘oihrtion twenty- 
five species of fossil fnseets* found in the Jurassic 
Limestone of SoIcnhoiVn ; anioug these are live 
species of tlie exisling I'ainily of lalK'llula, (Sec 

* M. Autf. Oilier has UMvrtainod, that the l.lj^tra and i^thcr 
pails uf tlic horny (.•ovenni; (►!' iumm ts, eniil.nn the piculiai' sid)- 
stanee i'hif 'u}( , or Ehjh ’nfi\ wlmdi .tj>j)M>ac'lH’s neailv to the \<‘ 
^vtahle j)rin(’ipl<' l.uiiunv; tla^c parl'^ ui' IrisciN hnni without 
tusiuii, or Swelling, liki* liorn, .iiid without lln^ siiu ll of aniuiai 
niattei ; tlu y also h iuo a (\)al whu h retains their tdiiik 

IM. Odi(*r I’ouud that t m u tho liaiis of a Svorulm us rto'^anrufs 
rctiiiiH'd ilu'ir Idriu .liter hnniiuj, aiul theierorn couehides that 
they are dilierent from the hairs ui’ vertehial animals. Tliis eir~ 
cumstanee I'xplaius tla- pieservatiuii ol the hairs on the liorny 
cover of tlu' lU^hemiaii Siorjuou. 

Ho as(‘ei taiiii d aKo that tlw Sinews ( St rrun s) of S<‘ar:dm*i, 
are coin})osed of (diiUne, and tliat tlie soft dexilili* laniiine of the 
shell of a crab, which reinain after tin* se[)aration of the IJine, 
also contain ( 'hitnn?. 

Cuvier observes, tiiat the luteginui'uts of l'’ntouir)s{raraie, an,* 
rather horny tlian calcareous, and that m rrv.peet tjjey ap[)ro\* 
unate to the natuii* of lns» tts and AiMrlnudaijN. Si-e Zoologii’al 
.loninah l.undon, vol. i. [». b»l. 
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PL 1, Fig. 49), a large Ranatra, and several 
Coleoptera. 

Numerous fossil Insects have recently been dis- 
covered in the Tertiary Gypsum of Fresh-water 
formation at Aix, in Provence. M. Marcel de 
Serres speaks of sixty-two (Jenera, chiefly of the 
Orders Piptcra, Heniiptcra, and Coleoptera ; 
and Mr. C'urtis refers all the specimens he has 
seen from Aix to J^iiropean forms, and most of 
them to cxistiiig (haiera.’^ Insects occur also 
in the tertiary Brown coal of Orsberg on the 
Rhine. 


( w en era I Cone! a si oas . 

VVe have se(‘ii from the examples cited in tlui last 
four sections, that all of the four existing great 
Class(;s of the grand Division of Articulated 
animals, viz. Annclidans, Crustaceans, Arach- 
nidans, and Insects, and many of their Orders, 
had entered on their resi)ectivc functions in the 
natural world, at tlu' early l]]>och of the Transi- 
tion Formations. We tind evidences of change 
in the Familie s of these Orders, at several periods 
of the Secondary and Tertiary siu ies, very distant 
from one another; and ^^e further find eacJi 
Family variously represented during dilierent 
intervals by Genera, some of which are known 


• Soe Edmburj^li Neu Phil. Joum. Oct. 18‘2ih 
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only in a fossil state, whilst others (and th(?se 
chiefly in the lower Classes,) have extended 
through all geological lh*as unto the present 
time. 

On these facts we may found conclusions 
which arc of groat importances in the investi- 
gation of the pliysical history of the Earth. If 
the existing ( lasses, Orders, and Families of 
marine and terrestrial Articulated animals have 
thus pervaded various giolotrical (‘j>oclis, since 
life began upon our planet, we may infer that 
the state of tlu' Land and \\ att rs, and also of tlu^ 
Atnios])her(% during all tlu se Epoc hs, Avas not so 
widely diflbrent from their actual condition as 
many geologists liav(* snpjmsed. Wt^ also hiarn 
that throughout all tlu'se ejxx hs and stages of 
change, tlu'. correlativ<‘ Inunctions of the suc- 
cessive l?(‘pres(‘ntativcs of the animal and vege- 
table kingdoms Jiave (iver becai the same as at 
the present moment ; and thus we connect the 
entire serit's of past and jwesent forms of organ- 
ized beings, as parts of one stupendously grand, 
and consistent, and liarmonious Whole. 
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Chapter XVII. 

Prmfs of Design in the Structure of Fossil 
Radiated Animals^ or Zoophytes, 

The same difficulties which we have felt in se- 
lecting from other grand Divisions of the animal 
kingdom, subjects of comparison between tlic ex- 
tinct and living forms of their n spt ctive Classes, 
Orders, and Families, embarrass our choice also 
from the last Division that remains for conside- 
ration. Volunu s might be filled with descrip- 
tions of fossil s])(‘cies of thos(^ beautiful genera 
of liadiated Animals, whose living representa- 
tives crowd tlie waters of our ju escait seas. 

Tlu^ result of all eoin])arisons between tlie liv- 
ing and fossil sj>ecii‘s of tlu'se families would be, 
that the latter ditfer almost always in species, 
and often in genus, from those which actually 
exist ; but that all are so similarly constructed on 
one and the same general Type, and show such 
perfect Fnityof Design throughout the intinitcly 
varied modilic-ations, under which they now per- 
form, and ever have performc'd the fun(*tions 
allotted to them, that we can find no ex[)lanation 
of such otlierwise m^ysterious rniformity, than 
by reft'rring it to the agency of one and the same 
Creative Intelligence, 
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SECTION I. 

FOSSIL ECHINODERMS. 

The animals that compose this highest Class in 
the grand division of Itadialed animals, viz, 
Echinidans, Stelloridans, and Crinouleans, have, 
till lately, been conside re d as made np eif many 
simiiar parts dis[)osed like* l?ays aroniul a com- 
mon e*e‘ntre\ 

Mr. Agassi/ lias reee'ntly slu'wn, (Txmtlem and 
lildin. Pliil. Mag. Nov. ]>. lliat they 

elo not parttike ot‘ this charae teT, from ^\hi(‘h the^ 
elivision oi‘ radiat(‘d animals is naim'd ; bnt tliat 
llu'ir rays are ilissiiuihtr, and not alwajs eon- 
nec te'd ^^ith an iiniform c'c nlre; and that a /;////- 
Zm// symmetry, analogiMis to that of the more^ 
j)erfee*t c lasse s of animals, exists throughout the^ 
families of l^eliini, .Aste ria*, anti Crinoidea. 


E< MIMOWS AM) SI! JLIUIUANS. 

The H istory of tilt! fossil sjxcic s of fa hinidans 
and Stelleuidans has hevn most l.K.autifully illus- 
trated, in the plates ol* tlui l^ctrcjarfni of JVof. 
(foldfuss. Tliougli derived from Strata of various 
degrees of high antiejuity, they are for the most 
part referred by him to e^xisting (lenera. 

The family of Echinidaus appears to have ex- 
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tended through all Formations, from the Epoch 
of the Transition series to the present time.* 

No fossil Stelleridans have yet been noticed in 
strata more ancient than the Mnschebkalk. 

As the structure of the fossil species of both 
these families is so nearly identical m ith that of 
existing liUcbini, and Star-fislies, 1 sliall confine 
my obs('rvations res}H‘eting fossil animals in the 
class of F>!hinodcrms to a famil\ which is of rare 
occurreiua^, ( xca^pling in a fossil states and which 
seems to liave pr(.‘vailed most abundantly in the 
most ancient fossiliferous formations. 


eiMNOIDRANS. 

Among the fossil familic sof tin' IJadiated divi- 
sion of animals, the (ieoloL*isl discovers one whose 
living analogues are seldom s(‘(‘n, and wliose 
vast numerical exti nt and (‘xtraord inary beauty 
entitle it to peetdiar considi ration. 

Successions of strata, (^ach many feet in thick- 
ness, and many mih's in extent, are often half 
made up of th(' cal(‘areons sk(‘letons of Kncri- 
niti's. Tin* bhitrochal Marble of Derbyshire, 
ami tlie Black rock in the clitls of Carboniferous 


* [ found many years aj^o fossil Kehiuidans in the Carbonife- 
rous limestone of Ireland, near Donegal, they are however rare 
in the Transition formation, become mure freejuent in the Mus- 
chel-kalk and Lias, and abound throughout the Oolitic and Cre- 
taceous formations. 
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limestone near Bristol, are well known examples 
of strata thus composed ; and shew how largely 
the bodies of Animals have occasionally con- 
tributed by their remains, to swell the Volume of 
materials that now compose the mineral world. 

The fossil remains of this order have been long 
known by the name of Stone Lilies, or lincrinitvs^ 
and have lately been classed under a sejiurati* 
order by the name of ('rinoidea. 

This order coniprelu'iids many (ienera and 
numerous Specie s, and is rangid by (‘uvier after 
the Asteria", in lh(' division Zoophytes. Nt'urly 
all these species ajipear to hav<‘ hrvn attached to 
the bottom of the S( a, or to lloaling c xlraneons 
bodies.* 

The two most remarkable, (ienera of this family 
have been long known to Nalnralisls by the 

• These animats turm tlio nl an elalKnale ami i xccllent 

work, by Mr. Miller, ciJlilliMl a Xaiuial History of tin; (’iimmlea, 
or Lily-shapt‘fl AnimaH. 'J’he irjuvM ntalions at, PI, 4S, and PI. 
49, Fij?. 1. of om*. of the most eharaetorisfic species of this 
family, bcinj:^ that to whidi the name of stone-lily was first ap 
plied; and the figures of two other sjH*eies at PI. 47, Fig^. 1,2,5, 
will exemplify the folidwnej; tletmition ^iviii of thc*m by Mr. 
Miller. An Animal nitli a round, oval, oi anj!;ular eoliiinn, 
composed of numerous artieulatiny: joints, f>uppc>rtin^- at, its 
aummit, a scries of plates, or joints, whieb form a eup-Iike body, 
containing tlie viscera, from wliose upper run proeei’d five articu- 
lated arms, dividing into teiitandatrd fingers, more or It ss nume- 
rous, surrounditig the a}>ertuie of the mouth, (PI. 47. logs, fi, x. 
7, X) situated in the centre of a plated mteguuieut, which extond.s 
over the abdominal cavity, and is capable of being eoiitracted 
into a conical or proboscal shape.*' 

G. i: i: 
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and Pentacrinite ; the former 
pL 4Q; JFigi I, and PL 47, Figs.l. 2. 5.) most 
nearly rambling the external form of a Lily, 
placed 01 ^.^ circular stem ; the latter (see PL 51, 
and PL 52, Fig. 1, 3.) retaining the general 
analogies of structure presented by the Encri- 
nite, but, from the pentagonal form of its stem, 
denominated Pentacrinite. A third Genus, called 
Apiocrinites, or Pear Encrinite, (PI. 47. Figs. 1, 
2.) exhibits, on a large scale, the component parts 
of bodies of tins family ; and has been placed by 
Mr. Miller at the head of his valuable work on 
the Crinoidca, from which many of the following 
descriptions and illustrations will be collected. 

Two existing species of rcct^nt animals throw 
much light on the nature of thesi? fossil remains; 
viz. the Pentacrinus Caput Medus{e from the 
AVest Indies, rej)res(‘nted at PI. 52, Fig. I, and 
the Comatula limbriata,* figured in the first 
plate of Miller’s Crinoidc'a. 

We will proceed to consider the mechanical 
provisions in the structure ol* two or three of the 
most important fossil .sj)ecies of this family, 
viewed in relation to their oflice as Zoophytes, 

* TIjc Comatula presents a confonnity of structure with that 
of the Pcnlucrinitc, ahiiosi perfect in every essential part, except- 
ing that the column is either wanting, or at least reduced to a 
single plate. Peron states that the C’omatula suspends itself by 
its side arms from fuci, and Poly paries, and in this position 
watches for its prey, and attains it by its spreading arms and 
fingers. Miller, p. 182 . 
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destined to find their 

their nets and moving their a 

limited space, from a fixed position at Meh^i^ 
of the sea ; or by employing the same instru- 
ments, either when floating singly through the 
water, or attached, like the modern Pentelasmis 
anatifera, to floating pieces of wood. 

Although the representatives of Crinoideans 
in our modern seas are of rare occurrence, 
this family was of vast numerical importance 
among the earliest inhabitants of the ancient 
deep.* Tlie extensive range which it formerly 
occupied among the earliest inhabitants of our 
Planet, may be estimated from the fact, that the 
Crinoideans already discovered have been ar- 
ranged in four divisions, comprising nine genera, 
most of them containing several species, and each 
individual exhibiting, in every on(‘ of its many 
thousand component little boiu .s, | a mec hanism 
which shows them all to have formed parts of a 
well-contrived and delicate mechanical instru- 
ment ; every part acting in due connection witli 


* The monograph of Mr. Miller, exhil»itin" the nnmilQ details 
of every variation in the .structure of each component part in the 
several Genera of the family of Grinoidea, afrords an admirable 
cxempliBcation of the regularity, with which the same fumlamental 
type is rigidly maintained through all the vaiied modifications 
that constitute its numerous extinct genera and species. 

t These so-called Ossicula are not true bones, but partake of 
the nature of the shelly Plates of Echini, and the calcareous 
joints of Star-fishes. 
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the rest, and all adjusted to each otlu r with a 
view to the perfect performance of some peculiar 
function in the economy of each individual. 

The joints, or little bones, of which the skele- 
tons of all these animals were composed, resemble 
those of the star-fish : their use, like that of the 
bony skeleton in vertebral animals, was to con- 
stitute the solid support of the whole body, to 
protect the viscera, and to form the foundation of 
a system of contractile fibres pervading the gela- 
tinous integument with which all parts of the 
animal were invested.* 

The bony portions formed the great bulk of the 
animal, as they do in star-fishes. The calcareous 
matter of tliese little bones was probably secreted 
by a l^criostcum, which in cases of accident, to 
which bodies so delicately constructed must have 
bc’cn much exposed in an I'lement so stormy as 
the sea, seems to have had the power of deposit- 
ing fresh matter to repair casual injuries. Mr. 
Miller’s work abounds with examples of repara- 
tions of this kind in various fossil species of Cri- 
noideans. Our ^^1. 47, b’ig. 2'\ represents a re- 
paration near the upper portion of the stem of 
Apiocrinites Rotundus. 

* As the contractile fibres of radiated animals are not set toge- 
ther in the same complex manner as the true muscles of the higher 
orders of animals, the term Muscle, in its strict acceptation, can- 
not with accuracy be applied to Criuoideuus; but, as most wri- 
ters have d(?signaled by this term the inoie simple contractile 
fibres which move their little bones, it will be convenient to re- 
tain it in our descriptions of these animals. 
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111 the recent Pentacriims (PL o2, Fig, 1), one 
of the arms is under the process of being repro- 
duced, as Crabs and Lobsters reproduce their 
lost claws and legs, and many lizards their tails 
and feet. The arms of star-fislies also, when 
broken off, are in the same manner reproduced. 
From these examples we see that the power of 
reproduction has been always strongest in the 
lowest orders of animals, and that the application 
of remedial forces has ever been duly propor- 
tioned to the liabilily to injury, residting from the 
habits and condition of iht^ creatures in Mhich 
these forces are most powt^rfully dc^vcloped. 


liu cri n i fc\s Mon i H for m is . 

As the best mode of explaining the general 
economy of the Crinoidi'a, will Ix' to examine in 
some detail the anatomy of a singles species, 1 
shall select, for this purpose, that which has 
formed the t\pe of the order, viz. the Encrinites 
moniliformis (see FI. 48, 4.0, ,>()). Minute and 
full descriptions arc given by l^arkinson and 
Miller of this fossil, shewing it to condiine in its 
various organs an union of mechanical con- 
trivances, which adapt each part to its j)eculiar 
functions in a manner infinite ly snr[)assing the 
most perfect contrivances of iuinian inei'hanism. 

Mr, Parkinson* states that after a caieful (*x- 


'* Oiiramc Jiciuaiii'*, v«>l. u. p 
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amination he has ascertained that, ind^cndently 
of ihe number of pieces which may be contained 
in the vertebral column, and whidb, from ite 
probable length, may be very numerous, the 
fossil skeleton of the superior part of the Lil5r 
Encrinite (Encrinites Moniliformis) consists of 
at least 26,000 pieces. See PI. 60 , Figs. 1, 2, 
3, 4, &c.* 

Mr. Miller observes that this number would 
increase most surprisingly, were we to take into 
account the minute calcareous plates that are 
interwoven in the integument covering the abdo- 
minal cavity and inner surface of the fingers and 
tentacula.t 


* Bones of the Pelvis 5 

Bibs 5 

Cliivicles 5 

Scapulne 6 

Arms. Six boiic.s in eacli of the ten arms .... 60 

Hands. Each liand being formed of two fingers, 
and each finger consisting of at least 40 ossi- 

cula, these in ‘20 (ingers make 800 

Tentacula. 30 proceeding from each of the 6 

bones in each of the ten arms, make 1800 

3() proceeding, on the average, from 
eacli of tlie. 800 bones of tlie fingers 
make 24,000 

Total 26,680 


t Although the names here used are borrowed from the skele- 
ton of vertebrated animals, and are not strictly ap])licable to ra- 
diated Echiriodeims, it will be convenient to retain them until 
the comparative anatomy of this order of animals has been ar- 
ranged in some other more appropriate manner. 
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We will first examine the contrivances in the 
joints, of the vertebral column^ which it 

forjSexure in every directiop* and then prp^d 
to consider the arrangement of other parts of t|ie 
body. 

These joints are piled on each other like the 
masonry of a slender Gothic shaft, but, as a cer- 
tain degree of flexibility was requisite at every < 
articulation, and the amount of this flexure varied 
in diflerent parts of the column, being least at 
the base and greatest at the summit, >ve find pro- 
portionate variations both iii tlu* external and in- 
ternal form and dimc'usions of each part.* The 

* The body (PI. 49, I ) is supported by u lonj; vertebral 

coluiun attached to tlic j’rouud by an enlargement ol' its base (PI. 
49, Fig. 2). It is composed of many cylindrical thii'k joints, 
articulating lirmly with each other, and having a c('ntral aper- 
ture, like the spinal canal in ihc vntebra of a (piadraped, through 
which a small alimentary cavity desemds from tin' stomach to 
the base of the column, PI. 4l>, b'lg. •!, b, S, [O. 'I'Ik* form of 
the column nearest the base is the stiongest posMble, \i/,. cylin- 
drical. column is iuteirnpled, at intervals, whii h become 

more freqmmt as it advam-es u]>waids, by joints of wider diameter 
and of a globular deprc^^ed fuiui (PI. 49, lag. I. and Figs. 3,4, 
a, a, a, a.) Near Uie summit of the column, ( Pl. 49, Figs. 3, 4,) 
a scries of thin joints, e, c, e, is pluce<l next abo\e and below each 
largest joint, and between these two thin joints, then* is intro- 
duced a third series, b, b, b, of an intermediate sizi*. The use 
of these variations in the size of the interpolated joints was to givi* 
increased f]exil)ility to (hat [lartof (he rolnmii, which being near- 
est to its summit recpiiied the greatest power of tJcxion. 

At Plate 49, Figs. (», H, 19, arc vertical sections of the 
columnar joints 5, 7, 9, taken near the base; and sliow tin' in- 
ternal cavity of the column, to be arranged in a si ri« of double 
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varieties of form and contrivance which occur in 
the column of a single species of Encrinite, may 
serve as an example of analogous arrangements 
in the columns of other species of the family of 
Crino'ideans, (sec PI. 47. Figs. 1, 2, 5, and PI. 49. 
Fig. 4 to Fig. 17).* 

The name of Entrochi, or wheel stones, has 
with much j)ropri(4y hecn aj)plicd to these insu- 
laUid vcrtebric. The perforations in the centre 
of these joints affording a facility for stringing 
them as beads, has caused them, in ancient 
times, to be used as rosaries. In the northern 


hollow coiKiS, like the inti rvcrtebral cavitiosin tlie hack of a fish, 
and to be, like them, Mib>ubai\ to the He\i(»n of the column ; 
they probably also foiim il u lesorvoii for eontamm;^ the nutri- 
tious tluuls of till' aiiimah. 

The variotts kinds of Sert'w stone M) fretincnl in the c hert of 
Derbyshire, ami <,;eneially in tin* 'riansitiou Limestone, are casts 
of the internal caivities of the columns of otlu r sjiecics of Eiicri- 
nites, m which the cones arc usually more compressed than in 
the column of the 1'^. moniliformis. 

* At PI. 49, I'l^. 4 IS a vertical section of Fi*;. 3, being a 
portion taken from near the summit of the column, where the 
greatest strength and HcMire were required, ami where also the 
risk of injury and dislocation was the greatest ; the airangemcnt 
of these vertebia' is ihertd’oiv moie complex than it is tenvards 
the base, and is disposed in the lollowmg manner (see Fig. 4). 
Tile vertebne, a. b. e. are alternately wider and naritnver ; the 
edges of the latter, c. arc received into, and included within, the 
perpendicularly lengthened margin of the wider, a. b. ; the outer 
crcnulated edge of the mirrower iucludetl xerlebrte, articulate 
with the inner crenuluted edge of the wider vertebrai, which thus 
surround them with a collar, that admits of more oblique flexion 
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parts of England they still retain the appellation 
of St. Cuthbert's beads. 

On a rock by Lintiisfarn 
Saint Cutbbert sits, and toils to frame 
The sea-born beads, that bear his name. 

Mar mion. 

Each of these presents a similar series of arti- 
culations, varying as we asc end upwards through 
the body of the animal, every joint being e xactly 
adjusted, to give the recjuisitc* amount of Hexi- 
bility and strengtii. l>om om‘ e xtn'mity of the 
vertebral column to the other, and throughout 


than the plane ereiudated Mirfaces near the base* of the coliunii. 
Figs. 9 , 10, and at the same lime render.s disha'atioii almost im- 
pos.silde. 

To these is sn[)era(hled a thud <'c)iitiivaii<‘<*, wliieli still furthci 
increases the He.\il)ililY *uh 1 strength of this poitiou of ilic eoliniin, 
viz. that of making the altein.itc laigei joints, h. b. eonsideialily 
thinner than the largest eollar jointN, a. a. 

The Figures niimlierfd fioin II to inelnsivt*, represi-nt 
single vertebrn’ taken fiom vaiioiis poiti<Mis of the <*uliimn of 
Encrinites moiiililurmis, *Tln' joints at Figs. II, 1,‘J, 1.0, 17, l!>, 
21, 23, 20, are of their natural si/.e and in tfieir nuliiral hoii- 
zontal position, an<l ^how, at the margin of i-aeh, a (Tenated edge, 
every tooth of whieli articulateil \Mtli a correspomling depression 
near the margin of the adjacent joint. The stellated tigures 
(12, 14, H), 18, 20, 22, 24, 20,) placed beneath the hoiizont.il 
joints to which they respectively belong, aie magnified rejire- 
sentations of the various internal patterns pn-sented by their 
articulating surfaces, variously covered with an alternate series 
of ridges and grooves, that like the cogs of two wlu els, articulate 
with corresponding de^iressions and elevations on the surfaces of 
the adjacent vertebra*. 
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the hands and fingers (see PL 47, figs. 1, 2, 3. 
and PL 50, figs. 1, 2, 3.), the surface of each 
bone articulates with that adjacent to it, with the 
most perfect regularity and nicety of adjustment. 
So exact, and methodical is this arrangement, 
even to the extremity of its minutest tentacula, 
that it is just as improbable, that the metals 
which compose the wheels of a chronometer 
should for themselves have calculated and ar- 
ranged the form and number of tlie teeth of 
each respective wlieel, and that these wlieels 
should have ])la(!ed themselves in the precise 
position, fitted to attain the end resulting from 
the combined m tion of th(‘m all, as for the suc- 
cessive hundreds and thousands of little bones 
that (*onij)ose an Ihicriiiile, to have arranged 
themselves, in a position subordinate to the end 
j)roduced by the combiiUHl effect of their united 
Mechanism ; each acting its peculiar part in 
harmonious subordination to the rest, and all 
conjointly producing a r(‘sult which no single 
series of them acting separately, could possibly 
have cffectc'd. 

In PL 50 1 hav(‘ selected from (ioldfuss, 
Parkinson, and INIiller, details of the structure 
of the body and iij>j)er extremities of Eucrinites 
Moniliformis, or l^ily Encrinite, in which the 
component parts arc indicated by letters, ex- 
plained in the annexed note ; and I must refer 
my readers to these authors for minute descrip- 
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tions of the individual forms and uses of each 
successive series of plates.* 

From the subjoined analysis of the component 
portions of the body of the E. Moniliformis, we 
see that it may be resolved into four series of 
plates each composed of live pieces, and bearing 
a distant analogy to those jiarts in the organiza- 
tion of superior animals from which they have 
been denominated. A similar system of plates, 

• On tlic suiimiil of the vertobral column aic placed succes- 
sive series of little bones, see PI. .^>0, Fiti;. 4, which from their po- 
sition and uses may be termed tl»e Pelvis 1C, Scapula 11, Costal F, 
forming (with the pectoral and capital plates) a kind of sub-glo- 
bular body (see Pi. 48. PI. -Ph Fig. 1. PI. oO, Figs. 1,‘i), having 
the mouth in its ccnlic, and containing the \isccia and stomach 
of the animal, from which the nourishing fluids were admitU'd to 
an alimentary cavity within the column, and also carried to the 
arms and tentaculated lingeis.” J’rom the scapuhi ( 11 ) proceeded 
the five arms, (1^1. .">0, big. J, K) \\hu*h, U" ihi^y advauci'd, sub- 
divided into hands (M) and fin<'ci> (N ) teriinnating in minute tem- 
tacula(Pl. I'igs. ‘2, .i), th{‘ number of which c\tcndcd to many 
thousands. Tlicsc hamls and tiiigcis aic ri prcM iited as closed, 
or nearly closed, in PI. 18. and IM. -P>, I'ig. 1, and PI. .'iO, I’igs. 
1, 2. In Ml. MilleiV u^toration of the P»ar I'.nciinilc (PI, 17, 
Fig. 1) they arc represented as cxpanchM in search of food. These 
tentaculated fingers, wiicn thus r\pan<h‘d, would form a delicate 
net, admirably adapted to clciam .Acalcj»haiiR, and other minute 
molluscous animals that might he floating in the sea, and which 
probably formed part of tin* food of tlic (hinoidea. In the centre 
of these arms was placed the month (PI. 47, Pig. 1), capable 
of elongation into a proboscis. 1*1. 47, (i, x. 7, a. n.prcstmt the 
bodies of C'rinoidea from which the arms have hoc ii icrnoved. 

Ill PI. 50, Fig. 1 represents the sujKrior portion of the animal, 
with its twenty lingers closed like the petals of a clo.sed lily. 
Fig. 2 represents the same partially uncovered, with the tentacula 
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varying in number and holding the same place 
between the column and the arms of the animal, 
may be traced through each species of the family 
of Crino’ideans. The details of all these specific 
variations arc beautifully illustrated by Mr. 
Miller, to whose excellent work I must again 
refer those who are inclined to follow him, 
through his Inghly philosojducal analysis of the 
structure of this curious family of fossil animals,* 

still foMcd up. .'J is a side view of one of tlie fiu|^ers with 

its tentacula. l^i^. 4 represents the interior of the body which 
contained the viscera. Fij^. /> represents the exterior of the 
same body, and the siiifaec by which the base articulates with 
the hrst joint of the vcrtehral column. Fijjs. b, 7, 8, 9, repre- 
sent a dissection of llu* four se ries of ]>latcs that compose the 
body, forming; succes>ively the soapul-.c, upper and lower costal 
platf.s, and pelvis of tin; animal. 19 is tin* upper extremity 

of the vcrtehral column. I'l**. 11 repu'sents the upficr surfaces 
of the five scapulic, showinpc their articulations with the inferior 
surfaces of the first bones of the arms. I’ii;\ I ‘2 is tlie inferior 
surface of the same scrii's of scapular platt*s, showing their arti- 
culations with the superior surfaces of the upper or .se(‘oncl series 
of costal filates, l‘h i'"i<;. 14 is the inferior surface of Fig. 
Kl, and articulates with the first or lower series of costal plates, 
Fig. IT). Fig. lb is the lower surface of Fig. lo, and articulates 
with the upper surface, of the houcs »)f the pelvis, Fig. 17. Fig. 
18 is the inferior surface of llic pelvis, I'ig, 17, and articulates 
with the tivst or uppermost joint of tlie vertebral column, 
Fig. 10. 

* Our PI. 47 gives Mr. Miller’s restoration of two other 
genera; fig. 1, the Apiocrinltes rotundus, or ]*car Fcnnite, with 
its root or base of attachment, and its arms expanded. Fig 2 
is the same with its arms contracted. Two young individuals 
and the broken stumps of two other small specimens, are seen 
fixed by their base to the root of the larger specimens, shewing 
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From the details I have thus selected from 
the best authorities, with a view to illustrate the 
most important parts that enter into the organi- 
zation of the family of Eiicrinitcs, it is obvious 
that similar investigations might be carried to 

the manner in which tlicse ronU arc found attached to the upper 
surface of the great oolite at Bradford near Bath. When living, 
their roots wore confluent, and formed a thin pavement at tliis place 
over the bottom of the sea, from which their stems and branches 
rose into a tliic'k submarine forest, comjtosed ttf (ht se bt‘autilul 
Zoo])hytes. The sUmus and bodies art‘ oecasionally fount! unitcti, 
as in their living state; the arms anti tinm'rs have almost always 
been separated, but their dislot‘ate<I fragments still remain, cover- 
ing the pavement of roots that ()ver.st)reads the surface of the 
subjacent Oolitic limestone rock. 

This bed of beautiful remains has been buried by a thick stra- 
tum of clay. Fig. -1 represents the extt iior of the body, and 
the upper eobunrlar p'ints of this ammal, about two-thirds of tin* 
natural size. Fig. 4 is a longitudinal section of the same,hh('w- 
ing the cavity for tlie Mseer.i, and also tin* l.irgi- open spaces for 
the reception of nonri.^hiuenl between tin!: npperinosl enlarged 
joints of the eolnnin. 

At lig. ') ue havi' the Aetimx'rimtes .'iO-ilactybis, fiom the 
carlioniferons limestone near l^ri^tol. 1). n‘[)tesenls the auxiliary 
side arms whieli au' attached to the column ol' this sjiecics, ami 
B its base and lilires of attacinnenl. I'lg. t> represents its body, 
from which the fingers are removed, shevsing the pectoral plates, 
Q, and capital plates, U, whieii form an integument over the 
abdominal cavity of the body, and Icnninale in- a moutb (x), 
capable of being piotruded into an elongated jiroboseis by the 
contraction of its platcil integument. J'ig. 7 reprt'sents the 
body of an Encrinite in the British iMusciim, figured by Farkiii- 
son, vol. 2, fol. 17, tig. .'1, by the name of Nave Encrinite. 
The mouth of this specimen also is s(‘en at X, and between 
the mouth and the bases of the arms, the series of plates which 
form the upper and exterior integuments of the stomach. 
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an almost endless extent by examining the pe- 
culiarities of each part throughout their numerous 
species. We may judge of the degree, to which 
the individuals of thevse species multiplied among 
the first inhabitants of the sea, from the countless 
myriads of their petrified remains which fill so 
many Limestone beds of the Transition For- 
mations, and (compose vast strata of Entrochal 
marbles, extending over large trac ts of country in 
Norlhcrn Europe and iS'orth Anu rica. The sub- 
stance of tliis marble is often almost as entirely 
made up of the pefrified bones of Eiicrinites, as 
a corn-rick is composed of straws. Man ap- 
j)lies it to construct his palace and adorn his 
sepulchre, but there ar(‘ few who know, and fewer 
still wl»o duly appreciates the sur))rising fact, 
that much of this marble is composed of the 
skeletons of millions of organized beings, once 
endowed with life, and susceptible of enjoy- 
ment, which after performing the part that was 
for a wliile assigned to tlmm in living nature, 
have contributed tlieir remains towards the com- 
position of the mountain masses of the earth. 

Of more than thirty spt‘cies of ('rinoidcans 
that prevailed to such enormous extent in the 
Transition period, nearly all became extinct be- 
fore the deposition of the Lias, and only one 

* Fragnietits of Kiicriiiites are also dispersed irregularly 
throughout all the depositions of this period, intermixed with the 
remains of other cotemporary marine animals. 



PHYSIOLOGICAL CONSIDERATIONS. 


431 


presents the angular column of the Pentacrinite ; 
with this one exception, pentangular columns 
first began to abound among the Crinoitleans at 
the commencement of the Lias, and have from 
thence extended onwards into our prt‘sent seas. 
Their several species and even genera are also 
limited in their extent; e. g, the great Lily 
Encrinite (E. moniliformis) is peculiar to the 
Miischel Kalk, and the P<‘ar Eiu rinite to the 
middle region of the Oolitic ionnation. 

The Physiological Jiisloiy of the family of 
Encrinites is very important ; the ir spe'cies wvro 
numerous among tlu' most ancient orders of cre- 
ated beings, and in this early state? the'ir cem- 
struetion exhibits at le*asl an e epial it* not a higher 
degree of pendeetion than is re taineal in the e?\ist- 
ing Pentaeriuite's; anel althe)uuli the phiee*, winch, 
as Ze)e)phyte‘S, tliey oe e upied in the? animal king- 
denn, was low, ye t the y we re* eonstrueite el with a 
perfect adaptation to that leiw e state, anel in this 
primeval perfection they atforel anotheT e xample 
at variance with the deK trine* of tire* progression 
of animal life? from simple* rmlinients thremgh a 
series of gradually im))re)ving iind more perfee t 
forms, to its fullest devele>pment iti existing spe- 
cies. Thus, a comparison of one oi* the early 
forms of the Genus Pe'utae rinite, viz. the Bri- 
arean Pentacrinite of the? Lias, (PI. 31 and PI. 
52, Fig. 2, and PI. 53) with the fossil species of 
more recent formations, and with the existing 
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Pentacriniis Caput Medusae from the Caribbean 
Sea, PI. e>2, Fig. I, shews in the. organization of 
this very ancient species an equal degree of per- 
fection, and a more elaborate combination of 
analogous organs, than occurs in any other fossil 
species of more recent date, or in its living re- 
presentative. 


Petifacnnilc, 

The history of tijesc fossil bodies, that abound 
in the lower strata of the Oolite formation, and 
especially in the Lias, has been much illustrated 
by the discovery of two living forms of the 
same (ienus, viz. tin* IVntacrinus ('aput Me- 
diiste,* (JM.o’i, i^ig. J ,) and IVntacrinus Europans, 
PI. 32, Figs. 2. 2 . Of the first of these a few 
specimens only have been broiighl iq) from the 
bottom of deej) seas in the West Indies; having 
their lower extreiniUes broken, as if torn from a 
firm attachment to tlu^ bottom. The Pentacrinus 
Eiiropanis I (^sec* 1^1. 32, F"igs. 2. 2 ,) is found at- 
tached to various kinds of Sertulariu and Flus- 
tracca in the Cove of Cork, and oilier parts of 
the coast of Ireland. 

It appears that Pintacrinites are allied to 

* See Miller’s Crinoidea, |). t'i. 

y Sec Memoir on Pentacrinus Europirus by T. V, Thompson, 
Esq, (.’oik, 18*27. lie has subsequently ascertained that this 
animal is tl^e youn^ of the Comatuia. 



the existing: family of star-lis^hes. and approach 
most nearly to the ( oinatnla ; (^see Miller s Cri- 
iioidea, FL I, and p. tiie bony skeleton 

constitutes by far the laruesl portion of these 
animals. In tin* livinii: species this bony frame- 
work is invested with a ee latinons membrane, 
accomj)ani(‘d by a muscular system, re'a:nlatinn: 
the movenuMits of ev(‘ry bone . Allhoui^li, in the' 
fossil spc'cies. the'M* softer parts have* peTislu'd, 
yet an apparatus for muscular attae lmieait (*\isls 
on eacli individmd iKun'."* 

The calcareous je)inls w hi(*h compose tlu' liniicrs 
e)f the‘ F. lairoj)a'Us, tou'eaheu* w ith iht'ir teuitacula, 
an! capable of contraction and e*xpansion in 
e'very (lirca tion ; at one tinu‘ s])re*adin{;‘ outwards, 
like? the* IN'tals of an open llowe ri Fl.r>*J, ‘i ), 
and at another rolled inwards over the month, 
like an uiu'xpandcd buel ; tlu' olhce of the'se* 
orixans is to seize* and convey to the* mouth its 
destineel food. Thus llic habits of living animals 
illustrate^ the* niove*nM*nts and manner of life* 
of the nnmeaems e'Xtinct fos>il me inbe is ejf this 
iijreat family, anel atlbrd an e xample e>f the* va- 
lidity e)f the* meide* e)f armnuent, to wliie h we* are- 
obliged to have ree-ourse* in the* consiele*ratie)n of 
extinct sj)e*cies e>f organic re*)naij»s. in this pre;- 
eess wc armie 1)ackwan!>, anel fnun the* njc*cha 
ideal arraiig(aiK‘ijt> that ]ye rviidrihe* solid peal ions 

Seei the tubercle^* rnid corrnjciaiou- pn tin* H of tlic 

bones engraved at FM. f 'Z, Kiir®. 7, j j f n M, 15, Hi. 17. 
e;. r i 
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of fossil skeletons, infer the nature and functions 
of the muscles by which motion was imparted to 
each bone. 

I shall select from the many fossil species of 
the Genus Pentacrinite, that, which from the 
extraordinary number of auxiliary side arms, 
placed along its column, has been called the 
Briarmn Pentacrinilf, and of which our figures 
(PI. 51 . Figs. 1,2.; PI. 52. Fig. .‘J. ; and PI. 53.) 
will give a more accurate idea than can be con- 
veyed by verbal descriptions.* 


* PI. 51 represents a singjle specimen of Driarean Pentacrinite, 
which stands in high relief upon the surface of a slab of Lias, 
from Lyme Hegis, almost enlirely made np of a mass of other 
individuals of the same species. Tlie arms and finjj^ers are con- 
siderahly expanded towards the position they would assume in 
searching for food. The side arms remain attached to the upper 
portion only of the vertebral column. 

At PI. .03. Fig. 1 and ‘2 represent two other specimens of the 
same sjiecies, rising in beautiful relief from a slab, which is com- 
posed of a congeries of fragments of similar individuals. The 
columns of tliose specimens. Fig. ‘2, a, shew the side arms rising- 
in their natural ptisition from the grooves between the angular 

R b 

projections of the Pentagonal stem. At PI. 5*2. Fig. 1. F. F. 
are seen the costal jilates surrounding the cavity of tlie body ; 
at H, the Scapula', with the arms and fingers proceeding from 
them to the extremities of the tentacula. 

At PI. 53. Fig. 3. exhibits the side arms rising from the lower 
part of a vertebral column, and entirely covering it. Fig. 4. is 
another column, on which, the side arms being removed, w^e see 
the grooves wherein they articulated with the alternate vertebrae. 
Fig. 5. exhibits a portion of another column sHgbtiy contorted. 



VHRTI-BRAL COLUMV. 


Vertebral 

The upper part of the vertebral column of 
Pentacrinites is constructed on principles analo- 
gous to those already described in the upper part 
of the column of the Encrinite.* 

All the joints of the column, when seen trans- 
versely, present various modifications of penta- 
gonal star-like forms ; hence tlieir name of As- 
teriap, or star-stones. 

These transverse surfaces are variously covered 
with a succession of t(»eth, s(*l at minute intervals 
from one another, and locking into the interstices 
between corresjionding teeth on the surface of 
the next vcrtebra\ they are so disposed as to ad- 
mit of dexure in all directions, without risk of 
dislocation, t 

As the base or root of Pentacrinites was usu- 


* The columnar joints of the Briarean Pentacrinite are dis- 
posed in pieces alternately thicker and thinner, with a third and 
still thinner joint int( rposed between every one of tiiem. Pi. 5'1. 
Figs. 8, and 8*, a. l>. c. The cd{^cs of this thinnest joint appear 
externally only at the angles of the colunm ; internally they en- 
large themselves into a kind of intervertebral collar, c. c. c. 

A similar alternation in the joints of the Peritacrinite’s sub- 
augularis is represented in PI. 52. Figs. 4 and 5. 

t The ranges of tubercles upon the exterior surface of each 
joint in the fragments of columns, PJ, 52, Figs. 7. 9. 1 1. mark 
the origin and insertion of muscular fibres, by which the move- 
ment of every joint was regulated. At every articulation of the 
vertebrae, we see also the mode in which the crenated edges lock 
into one another, combining strength with flexibility. In PI, 52, 
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aliy. fixed to the bottom of the sea, or to some 
extr^eous floating body, the flexibility of the 
jointed column, which forms the stem, was sub- 
servient to the double office, first, of varying, in 
every direction, the position of the body and arms 
in search of food, and secondly, of yielding, with 
facility, to the course of the current, or fury of 
the storm, swinging, like a vessel held by her 
cable, with equal ease in all directions around 
her moorings. 

The Root of the Briarcan Pcntacrinite was 
probably slight, and capable of being withdrawn 
from its attachment.* The absence of any large 

Figa. 11. and 13, the Vertebnv (d,) present five lateral surfaces 
of articulation, wlicrchy tlicir side arms were attached to the 
vertebral column at distant intervals, as in the Pentaerinus 
Caput Medusa*, PI. 5‘2. Fig. I. 

The double series of crenated surfaces, which pass from the 
centre to the points of each of the five radii of these star-shaped 
vertebra*, PI. .02. Figs. (> to 17.; and PI. .03. Figs. 9. to 13, 
present a beautiful variity of arraugements, not only in each 
species, but in difl'erent parts of the column of the same species, 
according to the di'gree of flexion whieh each individual part 
required. 

* Mr. Miller describes a recent specimen of Pentaerinus Caput 
Medusa?, as having the joints next the base panially consoJi-, 
dated, and admitting but little motion, where little is required ; 
but higher up, the joints become thinner, and are disposed 
alternately, a smaller ami thinner joint succeeding a larger and 
thicker, to allow a greater freedom of motion, till near the apex 
this change is so conspicuous, that the small ones resemble thin 
leather-like interpositions. He also observed traces of the action 
of contractile muscular fibres on the internal surfaces of each 
vertebra. 



attachment to extraneous bodies. 4.‘}7 


solid Secretions, like those of the Pear Encrinite, 
by which this Pentacrinite could have bee;^xed 
permanently to the bottom, and the further fact 
of its being frequently found in contact with 
masses of drifted wood converted into jet (1*1. 52, 
Fig. 3.), leads us to infer that the Briurean Pen- 
tacrinite was a locomotive animal, having the 
power of attaching itself temporarily either to 
extraneous tloating bodies, or to rocks at the 
bottom of the sea, eilher by its side arms, or by 
a moveable articulated small root.* 


• The specimen of Briurean IVntacrinitc at PI..')‘2, 3. from 

the Lias at Lynu! Hegis, adheres hilerully ton portion of imperfect 
jet, which forms part of a thin hed of Lignite, in the Lias marl, 
between Lyme and C;i\urmonth. 

Throughout nearly it.s whole extent, Miss Aiming has constantly 
observed in lhi.s Lignite the ftjllowiiig curious fippeuruuces : The 
lower surface only is covered by a stratum, entirely (‘omposed of 
Pentacrinites, and varying from one to lhr(‘c inches in thick- 
ness; they lie nearly in a horizontal position, with the foot stalks 
uppermost, next to the lignite. Tlic greater nnmher of these 
Pentacrinites arc preserved in such high perfeiuion, that they 
must have, been buried in the clay that now invests them before 
clecomj>osition of their iMxlies had taken place. It is not un- 
common to find large slabs several feet long, whose lower sur- 
face only presents the arms anil fingers of these fossil animals, 
expanded like planU in a Hortus Siccus; whilst the vpper surface 
exhibits only a congeries of stems in contact with the under 
surface of the lignite. The greater number of these stems arc 
usually parallel to one another, as if drifted in the same direction 
by the current in which they last floated. 

The mode in which these animal rernains are thus collected im- 
mediately beneath the Lignite, and never on its upper surface, 
seems to shew that the creature.s had attached tiu ic.^elves, in large 
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Side Arms. 

The Side Arms become gradually smaller to- 
wards the upper extremity of the column. In 
the P. Briareus (PL €^>2, Fig. 3. and PL 53, Fig. 
1. and 3.) these amount to nearly a thousand in 
number.* Tlie numerous side arms of the Bria- 
rean Pentacrinite, when expanded, would act as 
auxiliary nets to retain the prey of the animal, 
and also serve as hold-fasts to assist it in ad- 
hering to the bottom, or to extraneous bodies. 
In agitated water they would close and fold 
themselves along the column, in a position which 
would expose the least possible surface to the 


grou|)S, (like modern barnuoles), to the masses of floating wood, 
which, together with them, were suddenly buried in the mud, 
whose accumulation gave origin to the marl, wherein this curious 
compound stratum of aiiiinul and \egetuble remains is imbedded. 
Fragments of petrified wood occur also in the Lias, having large 
groups of Mytili, in the posith^n that is usually assumed by recent 
mytili, attached to floating wootl. 

• If w'C suppose the lower portion of the specimen, PI. 53, Fig. 

2. a. to be united to the upper |iortion of the fractured stem, Fig. 

3, wo shall form a correct idea of the manner in which the column 
of this animal was sui rounded with its thousand side-arms, each 
having from fifty to a hundred joints, PI. 53, Fig. 14. The 
number of joints in the side-arms gradually diminishes towards 
the top of the vertcliiul column ; hut as one of the lowest and 
largest (PI. 53, Fig. 14,') contains more than a hundred, we shall 
be much below the reality in reckoning fifty as their average 
number. 

Each of these joints articulates with the adjacent joint, by 
processes resembling a mortice and tennon ; and the form both of 



STOMACH or PENTACRINITE. 

element, and, together with the column and 
arms, would yield to the direction of the cu^ent. 


Slomac/i, 

The abdominal cavity, or stomach, of thePeii- 
tacrinite, (PL 51. Fig. 2.), is rarely preserved in 
a fossil state ; it formed a fuiineLsliaped pouch, 
of considerable size, composed of a contractile 
membrane, covered externally with many hundred 
minute calcareous angular plates. At the apex of 
this funnel was a small aperture, forming the 
mouth, suscojdibh^ of elongation into a proboscis 
for taking in food.* The place of this organ is in 
the centre of the body, surrounded by the arms. 


tho articulatinjT surfaces and of the bone itself, varies so as to give 
more universal motion as they advance towards the small c.\trc- 
inity of the arm. See PI. .03, Pig. 13. a. h. 

In all this delicate mechanism \>liich jm rvades every individual 
side-arm, wo see provision for the double purpose <3* iittuehiiig 
itself to extraneous hudie'<, and apprehending its prey. l‘3ve 
of these arms are set ofi' from each the largest joints of the 
vertebral column. At PI. .03. Pig. 7. a. wc see the bases, or first 
joints of these side-arms articulating witli the. larger vertebra;, 
and inclined alternately to the right and left, for the purpose of 
occupying their position most advantageously for motion, without 
interfering with each other, or with tlie flexure of the vertebral 
column. 

In the recent Pentacriiius (.'aput Mcdiism (PI. 02, J^ig. 1.) 
the side-arms (D.) are dispersed at distant intervals along the 
column. 

* This unique specimen forms part of the splendid collection of 
James Johnson, I^sq. of Bristol. 
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Body, Am^‘, 'd»d 'Ft^irp'^ '"'' 

' The body of the Pentacrinite*? * between the 
summit of the column and the base of the arms, 
is stnall, and composed of the pelvis, and the 
costkl, and scapular platen (see PI. 51. PI, 52. 
Fig. 1. 3. and PI. 53. Fig. 2. 0. E. F. H.). The 
arms and fingers are long and spreading, and 
have numerous joints, or tciitacula ; each joint 
is armed at its margin with a small tubercle, or 
hook, (PI. 53. Fig. 17.), the form of which varies 
in every joint, to act as an organ of prehension ; 
these arms and fingers, when expanded, must 
have form<*d a net of greatca* capacity than that 
of the Encrinitcs.* 

We have seen that Parkinson calculates the 
number of bones in the Lily Jhicrinite lo exceed 
twenty-six thousand. The miinber of bones in 
the fingers and tcnta< ula of the Briarean Pen- 
tacrinite amounts at least to a liundred thousand; 
if to these we add fifty thousand more for the 
ossicula of the side-arms, which is much too 


* The place of th<‘ IVntarriuitcs in the family Kelhnoderms, 
would lead us to expert to lind minute puivs on the internal sur- 
face of the hnji^crs, nnaio;jx>us to those of the more obvious am- 
bulacra of Echini; tliev were prol»ahly observed by Guettard, 
who speaks of orifices at the terminating points of the 6ngers 
and tentacula. 

Lamarck also, describing his generic clmractcr of Encrinus, 
says : ** The branches of the Umbel are furnished with Polyj>es, 
or suckers, disposed in rows.” 



little, the totd will exeeqd a 

hundred and fifty thousand. As eaph bo^y^ivas 
furnished with at least two fasciculi of %res» 
one for contraction, the other for expansion, we 
hare a hundred and fifty thousand bones, and 
three hundred thousand fasciculi of fibres equi- 
valent to muscles, in the body of a single Pen- 
tacrinite — an amount of muscular sipparatus con- 
cerned in regulating the ossiciila of the skeleton, 
infinitely exceeding any that has been yet ob- 
served throughout the entire animal creation.'* 

When wc consider tin* profusion of care, and 
exquisite contrivance, that pervade s the frame of 
every individual in this spt'cit s of Pcntacriiiite, 
foniiijig but oiu‘ </f many ineinhers, of the almost 
extinct family of ( rinoidc aiih — arid wIkmi we add 
to this the ainouiU of analot»ous mechanisms that 
charaeterizi' the other uiMiera and species of this 
curious family, >n(‘ an* almost lost in astonisii- 
incnt, at the microscopic att(*ntion that has been 
paid to the welfun* of c reatures, holding so low 
a place among tiu* inhabitants of the; ancient 
deep; | and we fill a no less irresistil)Ie eojivie- 
tion of the universal presence and i ternul agem y 

* Ttcdemann, in a inunop,id)>h on llolothuna, Echini, and 
AsterifXi, states that the coimiioii Star-fi^Ii has more tJiau thret* 
thousand little bones. 

t A frequent repetition of the sunn* parts is proof of the low 
place and comparative imiK-TA-rtion of tlic animal in which it 
occurs. The number of bones in the liuman body is but two 
hundred and forty-one, and that oftlie muscles two humlied and 
thiity-two pairs. South's Oissectors Manual, 
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of Creative care, id the'|d^r rej^ons of t^ganm 
lifey :|han is forced upon us by the contemplation 
of those highest combinations of animal mecha-^ 
nism, which occur in that paragon of animal 
organization, the corporeal frame of Man. 


SECTION II. 

FOSSIL REMAIN^ OF POLYPES. 

It was stated in our Chapter on Strata of the 
Transition Series, that some of their most abun- 
dant animal remains are fossil Corals or Poly- 
paries. These were derived from an order of 
animals long considered to be allied to iiiarine 
plants, and designated by the name of Zoopliytes; 
tliey are usually tixed, like plants, to all parts 
of the bottom of the sea in m arm climates which 
are not too deep to below the intluencc of 
solar heat and light, and in many species, send 
forth branches, assuming in some degn e the form 
and aspect of vegetables. These coralline bodies 
arc the production of l^olyi>es, nearly allied to 
the common Actinia, or Sea Anemone of our own 
shores. See PI. 54. Fig. 4. Some of them, e. g. 
the Caryophyllia, see PI. 54. Figs. 9, 10. are soli- 
tary, each forming its own independent stem and 
support ; others are gregarious, or confluent ; liv- 
ing together on tlie same common base or Poly- 
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on the i^r&ee of which are 
tentacuia^ corresponding with the stant n^^the 
surface of the coral, (see PK 54. Fig. 5). . .. 

Le Sueur, who observed them in the West 
Indies, describes these Polypes, when expanded 
in calm weather at the bottom of the sea, as cover- 
ing their stony receptacles with a continuous 
sheet of most brilliant colours^ 

The gelatinous bodies of these Polypes are 
furnished with the power of secreting carbonate 
of Lime, with which they form a basis of attach- 
menti and cell of retreat. These calcareous cells 
not only endure beyond the liii^ of the Polypes 
that secreted them, but api)roach so nearly to 
Limestone in their clieinioal composition, that 
at the death of the Polype tlu^y niinain perma- 
nently attached to the bottom. Thus one gene-- 
ration establishes the basis wJicreon the next 
fixes its habitation, wbieb is destined to form 
the foundation of a further and eontinual suc- 
cession of similar conslrnclions, until the mass, 
being at length raised to the surface of the sea, 
a limit is thereby put to its further accumulation. 

The tendency of l^olypcs to multiply in the 
waters of w^arm climates is so great, lliat the bot- 
tom of our tropical seas swarms with countless 
myriads of these little creatures, ever actively 
engaged in constructing their small but enduring 
habitations. Almost every submarine rock, and 
submarhie volcanic cone, and ridge, within these 
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latitudes, has become the^ucleus and foundation 
of a colony of Polypes, chiefly belonging to the 
genera Madrepora, Astrea, Caryophyllia, Mean- 
drina, and Millepora. The calcareous secretions 
of these Polypes are accumulated into enormous 
bunks or reefs of coral, sometimes extending to a 
length of many hundred miles; these continually 
rising to the surface in spots where they were 
unknown before, endanger the navigation of 
many parts of the tro])ical seas.'*' 

If we look to the otlicc thc'se Polypes perform 
in the present economy of nature, wc find them 
acting as scavengi^s of the lowest edass, perpe- 
tually employed in cleansing the waters of the sea 
from the impurities which escape (veu the smal- 
l(ir Crustacea ; in the same mamu r as the Insect 
Tribes, in their various stages, are de stined to find 
their food by <l(‘vouring imj)urities caused by 
dead animal and vcgeluble matter upon the land. I 


^ InUTOstin):^ iircounts of the extent ami mode of formatioa 
of tliosc Coral Heel’s may be found in the voyages of Peron, 
Flinders, Kul/ebuc, and Ikeeby ; and an admirable application 
of the facts connected with modern Corals to the illustration of 
geological phenomena has been made* by Dr. Kidd in his (ieo- 
logical Essay, and by Mr. IacII, in his Principles of Geology, 
drd edit. vol. iii. 

j Mr. De la Heebc obser\ed that the Polypes of the Caryo- 
phyllia Smithii (PI. o4, Fips. 9, 10, 11,) devoured portions of 
the flush of fishes, and also small Crustacea, with which he fed 
severttl individuals at'J'orquay, seizing them with their tentacnla, 
and digesting them within the central sac whicji forms their 
stomach. 
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The same system ^apfiliurs to Mve prevailed from 
the first commencement of life in the most an- 
cient seas, throughout that long series of ages 
vrhose duration is attested by the varied succ^- 
sion of animal and vegetable exuvias which are 
buried in the strata of the earth. In all these 
strata the calcareous habitations of such minute 
and apparently unimportant creatures as Polypes, 
have formed large and pennanent additions to 
the solid materials of the globe, and afford a stri- 
king example of the influence of animal life upon 
the mineral condition of the earth.* 

If there be one thing more surprising than an- 
other in the investigation of natural phenonuma, 
it is perhaps the infinite exte nt and vast import- 
ance of things apparently litth* and insignificant, 

* Amongj the CoruU of ihi* Transition Snios aiv many existing^ 
genera, ami Mr. de la has jnstl) n inarkod (Manual of 

Geolog^y, p. that whficvir thmi* is an accumulation of 

Polypift^J’s sucli as would ju-stify the apjHlIatiou of coral banks 
or reefs, the genera Astrea ami ('aryophyllia arc present ; gcMiera 
which are among arcliitccts of coial reef’s in the prc'hcnt seas. 

A large pari of the J.imcstone called ('oral /(aify which forms 
the elevated plains of nulliiiglon and Cunmer, and the hills of 
'Wytham, on three sides of the valley of Oxford, is filled with 
continuous beds and ledges of pi trifled corals of many species, 
still retaining the position in which they grew at the bottom of an 
ancient sea ; as coral banks, arc now forming in the inlertropicul 
regions of the present ocean. 

The same fossil coralline strata extend through the calcareous 
hills of the N.W, of Berkshire, and N, of Wilts; and again recur 
in equal or still greater force in Yorkshire, in the lofty summits 
on the VV, and S. W. of Scarborough. 
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When we descr^ in tfiiski a iiiti; 

moving with agility actdfei the pa|>ar 0ii'1i^ieh%6 
write, we feel as incapable of formiAg any distihit 
conception of the minutiae of the muscular fibres; 
which effect these movements, and of the still 
smaller vessels by which they are nourished, aS 
we are of fully apprehending the magnitude of 
the universe. We are more perplexed in at- 
tempting to comprehend the organization of the 
minutest Infusoria,* than that of a whale ; and one 

* Ehrenberg has ascertained that the Infusoria, which have 
heretofore been considered as scarcely organized, have an internal 
structure resembling that of the higlicr animals. He has disco- 
vered in them muscles, intestines, teeth, different kinds of glands, 
eyes, nerves, and male and female organs of reproduction. He 
finds that some arc born alive, others produced by eggs, and 
some multiplii’d by spontaneous divisions of their bodies into two 
or more distinct animals. Tlicir powers of reproduction are so 
great, that from one individual (Hydatina senta) a million were 
produced in ten days; on the eleventh day four millions, and on 
the tw^elfth sixteen millions. The most astonishing result of his 
observations is, that the size of tlu; smallest coloured spots on the 
body of MonasTermo, (thediametorof which is only of a line) 
^ ***'<^^ thickness of the skin of the sto- 
mach may he calculated at from to ^ 

Tliis skin must also have vessels of a still smaller size, the dimen- 
sions of which arc too minute to be ascertained. Ahhandlungen 
der Academie dvr Wissenschnftcn zn Berlin , 1831. 

Ehrenberg has described and figured more than 500 species of 
these Anitualcules ; many of them are limited to a certain number 
of vegetable infusions ; a few are found in almost every infusion. 
Many vegetables produce several species, some of which are pro- 
pagated more readily than others in each particular infusion. 
The familiar case of the rapid appearance and propagation of 
animalcules in pepper water will suffice to illustrate the rest. 



cflBttluflk^ ^j^ 'wll^' we ■arrive. »'& 
cotavio^im that the glmiiieai>mi OMMSt importinat 
i^ratiops of nature are conducted by the agency 
of atoms too minute to be either perceptible by 
the human eye, or comprehensible by the hu> 
man understanding. 

We cannot better conclude this brief outline 
of the history of fossil Polyparies, extending as 
they do, from the most early transition rocks to 
the present seas, than in the words with which 

These most curious obstTvations throw important light on the 
obscure and long-disputed question of equivocal generation ; the 
well-known fact that animalcules of deruiite characters ap|jeariu 
infusions of vegetable and animal matter, oven when prepared 
with distilled water, receives a probable explanation, and the case 
of Infusoria no longer appears to differ from that of other animals 
as to the principle on which their propagation is conducted. The 
chief peculiarity seems to consist in this, that their increase takes 
place both by the oviparous and viviparous manner of descent from 
parent animals, and also by division of the bodies of individuals. 

The great dithcuilty is, to explain the manner in which the eggs 
or bodies of ])recc(ling individuals can llnd access to each parti- 
cular infusion. This explanation is facilitated liy the analogous 
cases of various fungi which start into life, without any apparvnt 
cause, wherever decaying vegetable matter is exposed to certain 
conditions of temperature, humidity, and medium. Fries explains 
the sudden production of these plants, by .supposing the light and 
almost invisible sporulcs of preceding plants, of which he has 
counted above 10,000,000 in a single individual, to be continu- 
ally floating in the air, and falling every where. The greater 
part of these never germinate, from not falling on a proper matrix ; 
those which find such matrix start rapidly i?ito life, and begin 
to propagate. 

A similar explanation seems applicable to the case of Infusoria ; 
the extreme minuteness of the eggs and bodies of these animal- 
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Mr. Ellis expresses theiffeeliugB esiteited in his 
own mind by his elaborate and beaotihil imres- 
tigations of the history, of liyitig Coralline. > 

“And now, should it be asked, grantii^ ail 
this to be true, to what end has so much; labour 
been bestowed in the demonstration ? I eanotdy 
answer, that us to me these dis(]uisitions have 
opened new scenes of wonder and astonishment, 
in contemplating how variously, how extensively, 
life is distributed through the universe of things, 

cuIps probably allows thnn to float in the air, like the invisible 
spofules of fungi ; they may be raised from the surface of fluids 
by various causes of attraction, perhaps even by evaporation. 
From every pond or ditch that dries up in summer, these dessic- 
oated c'iJgs and bodies may be rais(‘d by every gust of iVind, &iid 
dissipated throuti:h the atinos[)lu*re like sniftke, ready to start into 
life whenever they fall into any medium admitting* of their susci- 
tation ; Ehroiiberg has found them in fog, in rain, and snow, 

If the great aerial otM'an which surrounds the earth he thus 
charged with the rudiments of life, floating continually amidst the 
atoms of dust we see twinkling in a Min-beam, and i^ver ready to 
return to life as soon as they find a matrix ada}>ted to their deve- 
lopment, we have in thc^e eonditinns of the very air we breathe 
a system of provisions for the almost infinite dissemination of life 
throughout the fluids of the present Earth ; and these provisions 
are in harmony with tlie crowded condition of the waters of the 
ancient world, whii'h is manifested by the multitudes of fossil 
microscopic remains, lo which we have before alluded. (See 
Sect. viii. page 3>^4.) 

Mr. Lonsdale has recently discovered that the Chalk at 
Brighton, Gravesend, and near (’ainbridgc, is crowded with 
microscopic shells ; thousands of these may be extracted from a 
small lump, by scrubbing it with a nail brush in water ; among 
these he has recognized vast numbers of the Xbdves of a marine 
Cypris (Cytherina) and sixteen species of Foraininifers. 
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so it is possible, that facts here related, and 
these mstanees of nature animated in a part 
hitherto unsuspected, may excite the like pleas* 
ing ideas in others ; and, in minds more capa* 
cious and penetrating, lead to farther discoveries, 
farther proofs, (should such yet be wanting,) that 
One infinitely wise, good, all-powerful Being has 
made, and still upholds, the Whole of what is 
good and perfect ; and hence we may learn, that, 
if creatures of so low an order in the great scale 
of Nature, are endued with faculties that enable 
them to fill up tlieir sphere of action with such 
Propriety, we likcMUse, who are advanced so 
many gradations above them, owe to ourselves, 
and to Him who made us and all things, a 
constant application to acquire that degree of 
Rectitude and Perfection, to which we also are 
endued with faculties of attaining .’' — £llis on 
Corallines y p. 103, 


o. 
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Chapteh XVIII.' ^ 

j . Proofs of Design in the Structure oflPossii ^ 
Vegetables. 

SECTION 1. 

general history of fossil vegetables. 

The history of Fossil Vegetables has a twofold 
claim upon our consideration, in relation to the 
object of our present enquiry. The first regards 
the influence exerted on the actual condition of 
Mankind, by the fossil carbonaceous remains of 
Plants, which clothed the former surface of tlie 
Earth, and has been briefly considered in a 
former chapter ; (Chap. VII. P. 03.) the second 
directs our attention to the history and structure 
of the ancient members of the vegetable king- 
dom. 

It appears that nearly at the same points in 
the progress of stratification, where the most 
striking changes take place in the remains of 
Animal life, there are found also concurrent 
changes in the character of fossil Vegetables. 

A large and new field of investigation is tltus 
laid open to our enquiry, ivherein we may com- 
pare the laws which regulated the varying sys- 
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tems of v€getattoii« o|ii|be e^er sar&ces of our 
earthy with those which actually prevail Should 
it result firom this enquiry, that the families which 
make up our fossil Flora were formed on princi- 
ples, either identical with those that regulate tlie 
development of existing plants, or so closely 
allied to them, as to form connected parts of 
one and the same great system of laws, for the 
universal regulation of organic life, we shall 
add another link to tlic clmin of arguments 
which we extract from the interior of the Earth, 
in proof of the Unity of the Intelligence and of 
the Power, which liave presided over the entire 
construction of the material world. 

We have seen that the first remains of Animal 
life yet noticed are marine, and as the existence 
of any kind of animals implies the prior, or at least 
the contemporaneous existence of Vegetables, to 
ailbrd them sustenance, the presence of sea weeds 
in strata coeval with tliesc most ancient animals, 
and their continuance onwards throughout all 
formations of marine origin, is a matter of a priori 
probability, which has been confirmed by the 
results of actual observation. M. Adolphe Brong- 
niart, in his admirable History of Fossil Vege- 
tables,* has shewn, that the existing submarine 
vegetation seems to admit of three great divisions 
which characterize, to a certain degree, the Plants 
of the frigid, temperate, and torrid zones; and 

• Histoire dcs Vefijetaiix Fossiles, 4to. Paris, IS‘28. 
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Jipiyest and pipet fg^nt fonpafiops^^^«|^,^^ 
toithoae urbich ppw grow in regions of t^,gre^te^t 
whilst the forms of marine vegetatiqi^,jt^ 
Mipceed eaeh other in the Secondary and Ter- 
tiary periods, seem to approximate nearer to those 
of our present climate, as they are respectively 
enclosed in strata of more recent formation.* 

If we take a general review of the remains of 
terre.it nal V egetables, that are distributed through 
the three great periods of geological history, we 
dud a similar division of tliem into groups, each 
respectively indicating the same successive dimi- 


* See Ad. Brongmart’s Hist de Vcg. Foss, 1 Liv. p. 47. — 
Dr. Hailan in the Journal of the Academy of Nat. Sc. of Phila- 
delphia, 1831, and Mr. R. C Taylor m Loudon*s Mag. Nat. 
Hist Jan 1834, have published accounts of numerous deposits 
of fucoidsy as occuiring in repeated thin layers among the Transi- 
tion stiata of N. Anurita, and ( xteiiding o\er a long tract on the 
E, flank of the Alleghany chain The most abundant of these is 
tinj Fucoides Alleghaniensis of Dr. Harlan Mr. R C. Taylor has 
found extensive deposits of fossil Fuci m the Grauwacke of central 
Pennsylvania, in one place se^en courses of Plants are laid bare 
in the thickness of four feet, in another, one hundred courses 
within a thickness of tueiity feet (Jamesons Journal^ July^ 
1835, p 185 ) 1 have also seen Fucoids in great abundance in 

the Gxauviacke-slate of the Maritime Alps, in many paits of the 
new road between Nice and Genoa. 1 once found small Fucoids 
dispersed abundantly ihrougb shale of the Lias formation^ from 
a well at Cheltenham The Fucoides granulatus occurs in Lias 
at RegiSi and at Boll m Wurtemberg; and F Targtonu m 
the Upper Greeo<sand near BigncNT m Sussex. 


^Ik|>^^^iil^' ' l^^m ' ' ' wlllbti | 

mmiximm i^tlim^ 

iEsiimfi Thui, in' bf tbe'Ttiil^fibb 

asbocldtibn of A few 
'df Plants,* chiefly FiMs 

biiq !^(|tii^aceae, with extinct families both Mn^ 
dpgimiis and Exogemns^ which some modern 
botahists have considered to indicate a Climate 
hotter than that of the Tropics of the present day. 

In the Secondary formations, tlie species of 
the^ most early families become much less nu»- 
merdus, and many of their genera, and even of 
the families themselves entirely cease ; and a 
large increase takes place in two families, that 
comprehend many existing forms of vegetables, 
and are rare in the Coal formation, viz. Cycadem 
and Coniferw- The unitedcharacters of the groups 
associated in this series, indicate a Climate, 
whose temperature was nearly similar to that 
which prevails wdthin the present Tropics. 

In the Tertiary deposits, the greater number of 
the families of the first series, and many of those 
of the second, disappear; and a more compli- 
cated dicotyledonous Vegetation takes place of 


* Hodogenoiis P1ant« are those, the growth of whose stems takes 
place by addition from within. Exogenous are those in which 
th^ growth takes place by addition from without. 

! t Monpcotyledonous Plants are those, the embryo of whose 
seed is rhade up of one cotyledon or lobe, like the seed of a IJiiy 
or an Onion. Dicotyledonous Plants arc those, the^eiilb^O of 
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the simpler forms which predominated through 
the two preceding periods. Smaller Eqhisetae^ 
also succeed to the gigantic Calamites ; Perns are 
reiluced in size and number to the scanty ]^ro;^r- 
tions they bear on the southern verge of our tehi- 
perate climates ; the presence of Palms attests 
the absence of any severe degree of cold, and 
the general character marks a Climate nearly 
approaching to that of the Mediterranean. 

We owe to the labours of Schlotheira, Stern- 
berg and Ad. Brongniart the foundation of such a 
systematic arrangement of fossil plants, as ena- 
bles us to enter, by means of the analogies of 
recent plants, into the difficult question of the 
Ancient Vegetation of the Earth, during those 
periods when the strata were under the process 
of formation. 

Few persons are aware of the nature of the 
evidence, upon which ^ve have at length arrived 
at a certain and satisfactory conclusion, respect- 
ing the long disputed question as to the vegetable 
origin of Coal. It is not unfrequent to find among 

whose seed is made up of two lobes, as in the Bean and Coff^ 
seed. The stems of Monocotyledonous Plants are all Endogenous, 
i. e, increase from within by the addition of bundles of vessels 
set in cellular substance, and enlarge their bulk by addition 
from the centre outwards, e. g. Palms, Canes, and Liliaceous 
plants. The stems of Dicotyledonous Plants are all Exogenous, 
i. Of increase externally by the addition of concentric layers from 
without; thc^ form the rings, which mark the amount of anihial 
growth in the Oak and other forest trees in our climate. 
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the Clivers beneath mr giwes, tmces of fossil 
planlSy whose cavities, having been filled with 
silt, at the tiine of tlieir deposition in the vege- 
table mass, that gave origin to the Coal, have 
left the impression of their forms upon clay and 
sand enclosed within thcm^ sharp as those re- 
ceived by a cast from the interior of a mould. 

A still more decisive proof of the vegetable 
origin, even of the most perfect bituminous Coal 
has recently been discovered by Mr. Hutton; 
he lias ascertained that if any of tlic three va- 
rieties of Coal found near Newcastle be cut into 
very thin slices and subiiiitted to the microscope, 
more or less of vegetable structure can be recog- 
nized.^ 

* ** In these varieties of coal,” says Mr. Iliittoii, “ even in 
samples taken iridiscriniinatety, more or less of Vegetable Texture 
could always be discovered, thus affording the fullest evidence, if 
any such proof were wanting, of the Vegetable Origin of Coal. 

** Each of these three kinds of coal, besides the fine distinct 
reticulation of the original vegetable texture, exhibits other cells, 
which are filled with a light wine-yellow-coloured matter, appa< 
rently of a bituminous nature, and which is so volatile as to be 
entirely expelled by heat, before any change is cflected in the 
other constituents of the coal. The number and appearance of 
these cells vary with each variety of coal. In caking coal, the 
cells are comparatively few, and are highly elongated. — In the 
finest portions of this coal, where the crystalline structure, as in- 
dicated by the rhomboidal form of its fragments, is most deve- 
loped, the cells are completely obliterated. 

**The slate>coal, contains two kinds of cells, both of which are 
.fiiUed with yellow bituminous matter. One kind is that already 
noticed in caking coal ; while the other kind of cells constitutes 
groups of smaller cells, of an elongated circular figure. 
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; shall further illustine^ thi^pwit, l^ft brief 
description of the manner , in wbirih the nse^aias 
of Tegetables are, disposed in tha.iiCai'benifri’piias 
strata of two important Coal fields, .nam^^rthooe 
of Newcastle in the north of Eo^ad, and ^df 
Swina in Bohemia, on the N. W. of Prague. • 

The Newcastle Coal field is at the present 
time supplying rich materials to the Fossil Flora 
of Great Britain, now under publication by Pro- 
fessor Lindley and Mr. Hutton. The plants of 
the Bohemian Coal field laid the foundation of 
Count Sternberg's Flore du monde pnmilif, the 
publication of which commenced at Leipsic mod 
Prague in 1820 . 

** In tbo«c varieties which go under the name of Canncl, Parrot, 
and S[)lent CoaJ,the crystalline structure, so conspicuous in fine 
caking coal, is wholly wautiug; the first kind of cells are rarely 
seen, and the whole surface displays an almost unifortn series of 
the second class of cells, filled with bituminous matter, and se- 
parated from each other by thin fibrous divisions. Mr. Hutton 
considers it highly probable that these cells are derived from the 
reticular texture of the parent plant, rounded and confused by 
the enormous pressure, to which the vegetable matter has been 
subject.” 

The author next states that though the crystalline and uncrys- 
talline, or, in other terms, perfectly and imperfectly developed^ 
varieties of coal generally occur in distinct strata, yet it is easy 
to find specimens which in the compass of a single square inch, 
contain bodi varieties. From this fact, as also from the exaCk^ 
sit^iiarity of position which they occupy in the mine, the difitr^ 
ences in different varieties of coal are ascribed to original difier* 
ettce in the plants from which they were derived. Proceedings 
of Soeiei^, Lend, dnd Phil, Ma^, 3vcf 

Puf. 2. p. 302. /Iprif, 1833. 
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‘Lilidlp^ ttsd tatp (Fdssil' Flora, Vol. 

1; poga id) ’ fft' tiie beds 'Of sbale, or 
afgilfaiceodssdhistas. Which afford the moatabuu- 
dant 'SQ^Iy of these earioiis relics of a forther 
WotW ; the fine particles of which they are com- 
posed bttring sealed up and retained in wonderful 
perfection, and beauty, the most delicate forms of 
the vegetable oi^anic structure. Where shale 
forms the roof of the workable seams of coal, us 
it generally does> wc have tlie most abundant 
display of fossils, and this, not perhaps arising 
so niitch from an}' i)eculiarity in these beds, as 
from their being more extensively known and 
examined than any others. The principal de- 
liosit is not in immediate contact with the coal, 
but about from twelve to twenty inches above it ; 
and such is the immense profusion in tliis situa- 
tion, that they are not unfrcipieully the cause of 
very serious accidents, by breaking the adhesion 
of the shale lied, and causing it to separate and 
fall, when by the operation of the miner the coal 
which supported it is removed. After an exten- 
sive fall of this kind has taken place, it is a cu- 
rious sight to sec the roof of the mine covered 
with these vegetable forms, some of them of great 
beauty and delicacy ; and the observer cannot 
fail to be struck with the extraordinary confusion, 
and the numerous marks of strong mechanical 
action, (exhibited by their broken and dhyointed 
remains.’ 
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abandancovidil pm&mA 

Triable remaine, occurs throughout tho ot|i^ 
Coal fioMs of Great Britain* But the finest 
example 1 have ever witnessed, is that of the 
coal mines of Bohemia just mentioned. The most 
elaborate imitations of living foliage upon the 
painted ceilings of Italian palaces, bear no com- 
parison with the beauteous profusion of extinct 
vegetable forms, with which the galleries of these 
instructive coal mines are overhung. The roof 
is covered as with a canopy of gorgeous tapestry, 
enriched with festoons of most graceful foliage, 
filing in wild, irregular profusion over every por- 
tion of its surface. The eflect is heightened by 
the contrast of the coal-l)la<*k colour of these 
vegetables, with the light ground w^ork of the 
rock to which they are attached. Tlie spectator 
feels himself transported, as if by enchantment, 
into the forests of another world ; he beholds 
Tret'S, of forms and characters now unknown 
upon the surface of the earth, presented to his 
senses almost in the beauty and vigour of their 
primeval life; their scaly stems, and bending 
branches, with their delicate apparatus of foliage, 
are all spread forth before him ; little impaired 
by the lapse of countless Ages, and bearing 
faithful records of extinct systems of vegetatim, 
which began and terminated in times of which 
these relics are the iiifulliblc Historians. 

Sifch Hie the grand natural Herbaria wherein 



PLANTS IN THE COAL FORMATION. 


tllOso liSbRt raiMbs of the TOgeufble kihg^ 

does Rie Jiresemd, in n stole of iiitegiily« little 
shM of their living perfection, under cot^itions 
of our Planet which exist no more. 

SECTION IL 

VBGBTAULES IN hTHATA OK THE TRANSITION SERIES.^ 

The remains of plants of the Transition period 
are most abundant in that newest portion of the 
deposits of this cm, whieli constitutes the (loal 
Formation, and afford decisive evidenre as to 
the condition of the v<'getabl(‘ kingdom at this 
early epoch in the history of Organic Life. 

The Nature of our Evidence will Ik* best illus- 
trated, by selecting a few examples of the many 
genera of fossil plants that are prescrvc'd iit the 
Stnita of the Carboniferous Order, beginning 
with those \^hieh arc* eoinmoii l>otli to the ancient 
and existing states of VegcUible Life. 


Eqni,sc(acea\ \ 

Among existing vegetables, the Equisctacea; 
are well known in this climate in the common 
Horse-tail of our swamps and ditches. The ex- 
tent of this family readies from Lapland to the 

• See PI. 1. Fijrs. 1, to I.T 
t See PI. 1. h\. 2, 


fALAMITKS. 


Zoitie, its ispecies ate niMr atMidaat' iti 
the temperate feone, d^rease in *#f 2 e' and'liaid- 
ber as we apprbtM^h the regions^j 6( 
arrive at their greatest magnitude in Uib 
and humid regions of the Tropks, v^hete^^helr 
numbers are few. ' ^ 

M. Ad. Brongniarf** has divided fossil Erjuise- 
taceflp into two CJenera ; the one exhibits the eha- 
racters of living Equispia^ and is of rare' occur- 
reiiee in a fossil state ; the other is very abun- 
dant, and presents forms that differ materially 
from them, and often attain a size unknown 
among living Equisctacoop ; these have been 
arranged under the distinct genns Calamifes^'^ 
they abound universally in the most ancient Coal 
formation, occur but sparingly in the lower strata 
of the Secondary series, and arc entirely wanting 
in the Tertiary formations, and also on the actual 
surface of the earth. 

The same increased development of size, which 
in rei’ent Eqiiisetaccie accompanies their geogra- 

Histoin* dos Vo^i*taiix Fossilcs, 2nd Livraibou. 
t Cnlainitc’s arc cbaractcri/cd by larg^e and simple cylin- 
drical stems, articulated at intervals, but either without sheatksl 
or presenting ibrm under foims unknown among existing Bqui- 
seta : they have sonietinies marks of vcrticniated Branches arounil 
their articulations, the leaves also are williout joints. But the 
most obvious feature wherein they differ from j^uiseta, is their 
bulk and height, sometimes exceeding six or seven inches in dia- 
meter, whilst the diameter of a living Ettuisetum rarely exceeds 
half an inch. A Calamite fourteen inches in diameter has lately 
been placed in the Museum at Leeds, 



I'KIiNS. 


< ' -TO 

phic^ to the Equator* k iWoii 

i|i^t|ie;|ig^Uv$pqdeaol'^i^ orttor to, accoiupaiiy 
higher degrees of Antiquity of the strata in 
which they occur ; and this without respect to 
the latitude, ia which these format ious may he 
placed. M. Ad. Brongiiiart (Prodrome, p. 107 ) 
enumerates tweJve species of Calaniitat and two 
of JEq^is€ia in his list of plants found in strata 
of the Carboniferous order. 

The family of Ferns, both in the living and 
fossil Flora, is tlie most numerous of vascular 
Cryptogainous plants.t Our knowledge of tlu* 
geographical distribution of existiug Ferns, as 
connected witli Temperature, enables us ui some 
degree to appreciate tlie information to be de- 
rived from the <*haractor of fossil Fen»s, in regard 
to the early conditions and ( limate of our globe. 

• See PI. 1. No. (>. 7. 8. 37. 38. 3‘>. 

t Ferns are distinguished from all other vegetables by the 
peculiar division and distribution of the veins of the leaves ; and 
in arborescent species, by their cylindrical stems without branches, 
and by the regular dts{>osition and shape of the scars left upon 
the stem, at the point from which the Petioles, or leaf Stalks, 
have fallen off. Upon the former of these characters M, Ad. 
Brphgiiiait has cliiefly founded his classification of fossil Ferns, 
It being impossible to apply to them the system adopted in the 
atrangement of living Genera, founded on the varied disposition 
of the fructification, which is rarely preserved in a fossil st^te. 



. ‘ PISTRIBPTION OF RECENT FERNS. 

total known numbor of existing species of 
Ferns is about 1500« These admit of a threefold 
geographical distribution : > 

1. Those of the temperate and frigid zone of 
the northern hemisphere, containing 144 species. 

2. Those of the southern temperate zone, in- 
cluding the Cape of Good Hope, parts of South 
America, and the extra-tropical part of New H<d- 
land, and New Zealand, 140 species. 

3. Those which grow within .30 or 35 degrees 
on each side of the Equator, 1200 species. 

If we compare tlie amount of Ferns with the 
united numbers of other tribes of plants, we may 
form some idea of the relative importance of this 
family in the vegetation of the district, or period 
to wliich we apply such comparison. Thus, in 
tlie entire number of known species of plants 
now existing on the globe, we have 1500 Ferns 
and 45,000 Phanerogam ia*, being in the propor- 
tion of 1 to 30. In Europe this proportion varies 
from 1 :35 to 1 :80, and may average 1 :00. Between 
the Tropics, Humlwldt estimates the number in 
Equinoxial America at 1:.3(}, and Mr. Brown 
gives 1:20 as tiie proportion in those parts of 
iatertropical Continents which are most favour- 
able* to Ferns. 

Mr. Brown (Appendix to Tuckey’s Congo 
Expedition) states that the circumstances most 


Botany of Congo, p. 42. 



ARBORE8CBNT FERNS. 


fevourable to the growth of jperns ani^ hmnidity, 
riiade, and lieat. These circumstances are most 
frequently combined in the highest degree in 
small and lofty tropical islands^ where the air k 
charged with humidity, Mhich it is continual!)? 
depositing on the mountains, and thereby im« 
parting freshness to the soil. Thus in Jamaica 
Ferns are to the Phanerogamia^ nearly in the 
proportion of I to 10 ; in New Zeninnd as 1 to 0 ; 
in Taiti as 1 to 4 ; in Norfolk Island as I to 3 ; in 
St. Helena as 1 to-i; in Tristan d'Acunha (extra- 
tropical) as '2 to 3. hVrns arc also the most abun- 
dant Plants in the Islands of the Indian Archi- 
pelago. 

It appears still further, that not only arc certain 
Genera and Tribes of Ferns peculiar to cc*rtaiii 
climates, but that the enlarged size of the arbores- 
cent species depends in a great degree on Tempe- 
rature, since Arhorescimt hVrns an^ now found 
chiefly w’itliin, or near the limit of tlie Tropics.^ 

From the above eonsiderations as to the cha- 
racters and distribution of living I^erns, M. Ad, 
Brongniart has apjdied himself witli much inge- 
nuity, to illustrate the varying condition and cli- 
mate of our Globe, during the successive period^ 
of geological formations. Finding that the fossil 

• The few exce|>tion8 to this rule appear to l>c eonfined to the 
toathem hemisphere, and one species is found in New Zealand 
as far south as lat. 46". See Brouyn in Appendix to Flinders i 
Vapago, 



RIBUTIok’aF.flOSSliL FERNS. 

Is^fins of!. Ferns 4^reaBe. continually in nunu* 
ber, as we ascend from the most ancient to Uie 
most recent strata, he founds upon this feet- an 
important conjecture, with respect to the Jsoccea*’ 
sive diminutions of temperature,- and changes df 
climate, which the eaith has undergonei.'t Thus, 
in the great Coal formation there are about 120 
known species of Ferns, forming almost one half 
of tlie entire known Flora of this formation ; 
these species represent but a small number of 
the forms which occur among living Ferns, and 
nearly all belong to the Tribe of Polypodiace®, 
in which Tribe we find the greater number of 
existing arborescent species.* Fragments of the 
stems of arborescent Ferns occur occasionally in 
the same formation. M. Brongniart considers 
these circumstances as indicating a vegetation, 
analogous to that oftlic Islands in the equinoctial 
regions of the present Earth ; and infers that 
the same conditions of Heat and Humidity which 
favour the existing vegetation of these islands, 
prevailed in still greater degree during the for- 


* In plain 1, figs, 7^ and 37, represout two of the graceful 
forms of arborescent Ferns which adorn our modern tropics, where 
they attain Uie height of forty and fifty feet. 

An arborescent Fern forty-five feet higli^ (AlsophiJa bruno* 
ntana), from Silhet in Bengal, may be seen in the staircase of the 
British Museum. The. stems of these Ferns are distinguished 
from those of all arborescent Monocotyledonous plants, by. the 
peculiar form and disposition of the scars, from which Uie Petioles 



DisTin^moN OF'VossiL pxian.|i 

matbii of the OuiiottiAmits strata o#*the Tw^ 
sition Series.* *- * * < . 

.In atraia of the Secondary Series, the absolute 
and relathre numbers of species of Ferns consi- 
derably diminishes, forming scarcely one third ^ 
of the known Flora of these midway periods of 
geological history. (See PL 1. Figs. 37. 3a. 3P.) 

In the Tertiary Strata, Ferns appear to bear to 
other vegetables nearly the same proportion as 
in the temperate regions of the present Earth. 

or leaf fttalks ha\e fallou olf. In Calms aiul arborescent 

Moiioootyledon«», the leaxt'^. oi Petiohs, cmlnare the stem and 
leave broad trunn'erse soars, oi rms?s, whose loncjci cliaineter is 
harizftntal. In the caR(' of Fetus ulone. v^tth the single exception 
of Angioptcris, the seats an iiihei elliptu oi ihoniboidal, ami 
have their longer diamolt r t 

M. Ad. Brongniart (Tlist. des Veg Foss. p. 2(11, PI. 70. 80.) 
has described and dguied the leaf and stem of an arborescent 
fern (Anomoptens. Mougeottit) fiotn the \arirgalcd sand<itone 
of Heilegenherg in the Vosges. Btautilui leaves of this s|H;ne», 
with their capsides of fun tifiration sometimes atlheiing to the 
pinnules, abound in (he NVw red sand-stone formation of this 
district. 

M. Cotta has published an interesting Work on fossil Remains 
of arboiescent ferns, whieh occur abundantly m tin New red sand- 
stone of Saxony near ( hemuil/ ( DfUfirolithm. Dresden and 
Leipsig, 1832.) These con^lHt chiefly of sections of the Trunks 
of many extinct species, sufficiently allied in structure to tliat of 
existing arborescent Ferns, to leave little douht that they me the 
remains of extinct species of arhoicscent Plants of this family, 
tliat grew in Europe at this Period of (he Secondary formation. 


G. 


M II 



IuYCOPODIAGEjE. 


Lepidodendrm.. 

The genus Lepidodendron ciMuprehendtinany 
species of fossil plants, which are of large stae, 
and of very frequent occurrence in the Coal for* 
mation. In some points of their structure they 
have been compared to Coniferse, but in other 
respects and in their general appearance, with 
the exception of their great size, they very much 
resemble the LycopodiMeee, or Club Moss Tribe. 
(See PI. 1. Figs. 1). 10.). This tribe at the pre- 
sent day, contains no species more than tlrree 
feet high, but the greater part of them are weak, 
or creeping plants, while their earliest fossil re- 
presentatives appear to have attained the dimen- 
sions of Forest Trees.i 

Existing Lycopodiacea* follow nearly the same 
law as ferns and Eqiiisetacea?, in respect of geo- 
graphical distribution ; being largest and most 
abundant in hot and humid situations within the 
Tropics, especially in small islands. The belief 
that Lepidodendra were allied to the Lycopo- 

• PI. V. Figs. 11. 12. and PI. Figs. 1. 2. 3. 

f Prof. Lindley states that the aflinities of existing Lycopo- 
diacesc arc intermediate between Ferns and Coniferse on the one 
hand) and Ferns and Mosses on the otlier ; They are related to 
Ferns in the want of sexual apparatus, and in the abundance of 
annular ducts contained in their axis ; to Conifersa, in the aspect 
of the stems of some of the lorger kinds ; and to Mosses in their 
whole appearance. 



LEPIDtmKNDfrON. 


diacece, and their size, and abundant occurrence 
among the fosdils of the Coal Formation have 
led writers on fossil plants to infer that great 
heat» and moisture, and an insular Position vtere 
the conditions, tinder which the first forms of this 
family attained that gigantic stature, which they 
exhibit in dcixisits of the Transition period ; 
thus corroborating the conclusion they had de- 
rived from the Calamites associated with them, 
as already mentioned.^ 

Lindley and Hutton state, that I^pidodendra 
are, after Calamites, the most abundant class 
of fossils in the Coal formation of the North of 
England ; they are sonw'tiines of enormous size, 
fragments of stems occurring from twenty to forty- 
five fieet long; in the Jarrow t*ollicry a com- 
pressed tree of this class int^asnred four feet two 
inches in breadlli. Tliirty-four species of Lepi- 


^ The leaves of existing Lyrojiotliaccrt! are iim|>lc, and ar- 
ranged hi spiral lines around iJ»e Mom, and impress on its sur- 
face scars of rliomboidul, or laiu'colute form, marked witli prints 
of the insertions of vo.sscls. In the fossil T-epid<xlcndra, wc find 
a large and beautiful variety of similar scars, arranged like scales 
in spiral order, over the entire surface of the stems. A large 
division of these are arborescent and dichotomous, and have their 
branches covered witlj simple lanceolate leaves. Our figure of 
Leptdodendron Stembergii (PI. 55. Figs. 1. 2. 3.) represents all 
these characters in a single Tree from the Coal mines of Swina 
in Bohemia. 

The form of the scales varies at different parts of the same 
stem, those nearest the base arc elongated in the vertical di- 
rection. 



dod^dron are enumerated in M. Ad. Brongniart’s 
Catalogue of fossil plants of the coal formation. 

The internal structure oftheLepidodendron has 
been shewn to be intermediate between Lycopo- 
diaceae and Coniferse,* and the conclOsioiis whtch 
Prof. Lindley draws from the intermediate con- 
dition of this curious extinct genus of fossil plants* 
are in perfect accordance with the inferences 
which we have bad occasion to derive from ana^ 
logous conditions in extinct genera of fossil ani- 
mals. ** To Botanists, this discovery is of very 
high interest, as it proves that those systematists 
are right, who contend for the possibility of cer- 
tain chasms now existing between the gradations 
of organization, being caused by the extinction 
of genera, or even of whole orders ; the'existence 
of which was necessary to complete the har- 
mony which it is believed originally existed 
in the structure of all parts of the Vegetable 
kingdom. By means of Lepidoiiendron, a better 
passage is established from Flowering to Flower- 
less Plants, than by either Bquisetum or Cycas, 
or any other known genus.” JLindley and Hut- 
Urn's JFossil Flora, voL m. jUMge 53. 

♦ See annual Report of the Yorkshire Phil. Society for 1832. 
Witham's Fossil Vegetables, 1833, PL 12. 13. and Lindley and 
Hatton s Fossil Flora. PI. 98 and 99. 
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SigiUaria.* 

i Besides the above plants of the Coal formation 
which are cpnnected with existing Fauiilies or 
Genera, there occur many others which can be 
cefeiTed to no known type in the vegetable 
kingdom. We have seen that the C'alamites 
take their place in the existing family of Equi~ 
setaceee; that many fossil I'crns are referriblc 
to living genera of this extensive family ; and 
that Lepidodeucira a[>proximute to living Lyco- 
podiacew and Couifene. Together with these, 
there occur other groups of Plants unknown in 
modern vegetation, and of which the duration 
seems to have been limited to tlie Epociis of tlu; 
Transition Period. Among the largest and tall- 
est of these unknown forms of Plants, we find 
colossal Trunks of many species, which M. Ad. 
Brongniart has desigtmted by the name of 
Sigillaria. These are dis|>erscd throughout the 
sand-stones and shales that accompany the Coal, 
and can occasionally be detected in the Coal 
itself, to the substance of which they have 
largely contributed by their remains. They 
are sometimes seen in an erect position, where 
views of the strata are aflbrded by clifls on the 


• PI. 56, Fig*. 1. 2. 



• On the coast of Northumberland, at Grcswetl hall, aiuj 
Newbiggin, near Morpeth, many stems of Sigillaria may be seen, 
standing erect at right angles to the planes of alternating strata 
of shale and saud-stouc; they vary from ten to twenty feet in 
height, and from one to three feet in diameter, and are usually 
truncated at their upper end ; many terminate downwards in a 
bulb-shaped enlargement, near the commencement of the rpots, 
but no roots remain attached to any of them. Mr. W. C. Tre* 
velyan counted twenty portions of such Trees, witliin the length 
of half a mile ; all but four or five of these were upright ; the 
bark, which was seen when they were first uncovered, but soon 
fell off, was about half an inch in thickness, and entirely con- 
verted into coal. Mr. Trevelyan observed four varieties of these 
stems, and engraved a sketch of one of them in 1816, which is 
copied in our PI. 56. fig, 1 . 

la September, 1834, I saw in one of the Coal Mines of IjSarl 
FitzwUUam, at Elsecar, near Rotherham, many large Trunks of 
Sigillaria, in the sides of a gallery by which you walk into the 
iaifie» from the outcrop of a bed of Coal al>out six feet thick. 
These steins were inclined in all directions, some of them 



^i^fett'lti^ Bfthd.'ahd 'fiitid, «ad fragnic«itB«£^er 

to their interior. The 
whkh nlone remains, and has been eon* 
viE^^ into eoal, probably surrounded an axis 
composed of soft and perishable pulpy matter, 
like the fleshy interior of the stems of living 
Cactem; and the decay of this soft internal 
trunk, whilst the stems were floating in the 
water, probably made room for the introduction 
of the sand and clay. 

These trunks usually vary from half a foot to 
three feet in diameter. When perfect, the height 

nearly vertical. The interior of those whose inclination excc*edeil 
45* was filled with an indnrated mixture of clay and sand ; the 
lower extremity of several rested on the upper surface of the bed 
of Coal. None had any traces of .Hoots, nor could any one of 
them have grown in its present place. 

M. Alex. Brongniart has engraved a section at St. Ktienne, in 
which many similar stems arc seen in an erect position, in sand* 
stone of the Coal formation, and infers from this fact that they 
grew on the spot where they are now found. M. Constant 
Prevost justly objects to this inference, that, had they grown on 
the spot, they would all have been rooted in the same stratutn, 
and not have had their bases in different strata. When I visited 
these quarries in 1826, there were other trunks, more numerous 
than the upright ones, inclined in various directions. 

I have seen but one example, viz. that of Balgray quarry, three 
miles N. of Glasgow, of erect stumjjs of large trees fix<jd by their 
roots in sand-stone of the coal formation, in which, when soft, 
they appear to have grown, close to one another. Bee Lend, 
and £dui« Phil. Mag. Dec. 1835, p. 487. 
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SYKiNGODENDROK. 


ofllnany of them must have been fifty or sixty 
feet, at least. ^ , 

Count Sternberg has applied the nnme iS^rm^ 
godendron to many species of Sigillaria, from the 
parallel pipe-shaped flutings that extend from 
the top to the bottom of their trunks; These 
trunks are without joints, and many of them 
attain the size of forest trees. The flutings On 
their surface bear dot-like, or linear impressions, 
of various figures, marking the paints at which 
the leaves were inserted into the stem. This 
fluted portion of the Sigillarine, formed their ex- 
ternal covering, separable like true bark from 
tlie soft internal axis, or pulpy trunk ; it varied 
in thickness from an inch to orie-cighth of an 
inch, and is tisually converted into pure coal. 
(See PI. 5(J, Fig. 2. rr, b, c.) 

A fleshy trunk surrounded and strengthened 
only by such thin bark, must have been inca- 
pable of supporting large and heavy branches 
at its summit. It therefore probably terminated 
abruptly at the top, like many of the larger 
species of living Cactus, and the abundant dis- 
position of small leaves around the entire extent 
of the tmnk seems to favour this hyjK)thesis. 

* M. Ad. Brong^niart found in a coal mine in Westphalia near 
Blseii,^the compressed stem of a Sigillaria laid horizontally, 
the length of forty feet ; it was about twelve inches in diameilttr 
at its lowers and six inches at its upper extremity, where 
vtded into two parts, each four inches in diameter. The lower 
end 4ra5 broken off abruptly . Lindley and H utton*s Foss. I^drs^ 
vol, i. p. 1d3. , 



BARK FLUTED AK0 RCARRED. 47^ 

. Tbe^ijnprasBiona, or scaiBf wliich formed tbe> 
articulations of leaves on the longitudinal flntings 
of the trunks of SigiUaria&» are disposed ia ver- 
tical rows oii the centre of each fluting fixna the 
top to ithe bottom of the trunk. Each of these 
scars: marks the place from which a leaf has 
follen off, and exhibits usually two apertures, by 
which bundles of vessels passed through the 
hark to connect the leaves with the axis of the 
tree. No leaf has yet been found attached to 
any of these trunks ; we are therefore left entirely 
to conjecture as to what their nature may have 
been. This non -occurrence of a single leaf upon 
any one of the many thousand trunks that have 
come under observation, leads us to infer tliat 
every leaf was separated from its articulation, 
and that many of them perhaps, like the fleshy 
interior of tlie stems, had undergone decompo- 
sition, during the uiterval in which they were 
floating between their place of grow th, and that 
of their final submersion. 

M. Ad. Brongniart enumerates forty-two sfieeies 
of Sigillaria, and considers them to have bf^eii 
nearly allied to arborescent Ferns, with leaves 
very small in proportion to the size of the stems, 
and differently disposed from those of any living 
Ferns. He would refer to these stems many of 
the numerous fern leaves of unknown species, 
which resemble those of existing arborescent 
genf rfi of this family. Lindley and Hutton pbfw 
strong reasons for considering that Sigillarim 



474 EXTINCT OBNEHA OF CONIFERiE. 

Dicotyledonous plantSi entirely distinct 
from Ferns, and different from any thing that 
occurs in the existing system of vegetation 


Favularia. Megaphyton. Soihrddendron. 

Ulodendron,'\ 

The same group of fossil plants to which Lind* 
ley and Hutton have referred the genus *Sigil- 
laria, contains four other extinct genera, all of 
which exhibit a similar disposition of scars ar- 
ranged in vertical rowsy and indicating the places 
at which leaves, or cones, were attached to the 
trunk. The names of these are Favularia, Me* 
gaphyton, Bothrodendron, Ulodendron.t Our 
figures PL 50, Figs. 3, 4, 5, 0, represent portions of 


* ^‘Tliere can be no doubt,” say they, (Foss. Flora, voK i. p. 
1 55) that as far as oxtornal characters go, ftigillaria approached 
Euphorbia) and Cuctea) more nearly than any other plants now 
known, particularly in its soft texture, in its deeply channelled 
steins, and what is of more consequence in its scars, placed in 
perpendicular rows between the furrows. It is also well known 
that both these modern tribes, particularly the latter, arrive even 
now at gpreat stature ; further, it is extremely probable, indeed 
almost certain, that Sigillaria was a dicotyledonous plant, for no 
others at the present day have a true separable bark. Neverthe- 
less, in the total absence of all knowledge of the leaves and 
flowers of these ancient trees, wc think it better to place the genus 
among other species, the affinity of ^ich is at present doubtful.^ 
t PL 56, Figs. 3. 4. 5. C. 7. 

I The genera composing this group are thus described, Foss. 
Flora, vol. ii. p, 96. 

1. Sigillaria. Stem furrowed. Scars of leaves small, round, 
much narrower than the ridges of the stem. 



LEAVES AND CONjeS IK VERTICAl. ROWS. 47^ 

the btink and scars of some of these extraordlr 
naiy Comferce. 

Among existing vegetables, there arc only a 
few succulent plants which present a similar dis- 
position of. leaves, one exactly above another in 
parallel rows ; but in the fossil Flora of the Coal 

2. Favularia. Stem furrowed. Scars of leaves small, square, 
as broad as the ridges of the stem. 

3. Megaphyton. Stem not furrowed, dotted. sSears of leaves 
very large, of a horse slioc tigure, much narrower tlian the 
ridges. 

4. Bothrodendron. Stem not furrowed, covered with dots. 
Sears of cones, obli<juely oval. 

5. Uiodeudron. Stem not furrowed, covered with rhoinboidal 
marks. Scars of cones cirnilur. 

In the three first genera of this group, the scars apyiear to liavc 
given origin to Icave.s ; in the two latter they indicate the inser- 
tion of large cones. 

Ill the genus Favularia (Ph.Od, Fig. 7) th(‘ trunk was entirely 
covered with a mas.s of densely imbricaU'd foliage, the iMistrs of 
the leaves are nearly Sfjuare, and iht‘ rows of leaves separated by 
intermediate grooves ; whilst in Sigillaiia the leaves wore placed 
more loosely, and at various intervals in various sjiecies. (Foss. 
Flora, PI. 73. 74. 7,0). 

In the genus Megaphyton the stem is not furrowed, and the 
leaf scars arc very large, and re.seml!jc the form of horse shoes 
disposed in two vertical rows, one on each side of the trunk. 
The minor impressions resembling horse shoes, in the middle of 
these scars, appear to indicate the figure of the woody system of 
the leaf stalk. (Foss. Flora, PI. I Pi, U7.) 

In the genus Bothrodendron (Foss. Flora, PI. 80, 81) and 
the genus Uiodendron, (Foss. Flora, PI. o. 0.) tl»e stems are 
marked with deep oval or circular concavities, which appear 
to have been made by the bases of large cones. These cavities 
are ranged in two vertical rows, on opjiosite sides of the trunk, 
and in some species are nearly five inches in diameter. (PI. 56. 
3. 4 . 5. 6.) 
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fcumation, nearly one h§14 out iif ^hty known 
species of Arborescent plants, have thek leaves 
growing in parallel series. The remaining half 
are Lepidodendra, or extinct Conifersa. (See 
lindley and Hutton, Foss. Flora, voL ii. p. 93.) 


Stigmaria* * 

The recent discoveries of Lindley and Hutton 
have thrown much light upon this very extra* 
ordinary family of extinct fossil plants. Our 
figure, PI. 50, Fig. 8, copied from their engraving 
of Stigmaria ficoides, (Foss. Flora, PI. 31, Fig. 1) 
represents one of the best known examples of the 

genus-t 

The centre of the plant presents a dome-shaped 
trunk or stem, three or four feet in diameter, the 
substance of which was probably yielding and 
fleshy ; both its surfaces were slightly corru- 
gated, and covered with indistinct circular spots. 
(PI. 50, Fig. 8. .9.) 

From the margin of this dome there proceed 
many horizontal branches, varying in number in 
diflbrent individuals from nine to fifteen ; some 
of the^ branches become forked at unequal dis- 
tances from the dome ; they are all broken off 

* PI. f>6, Fig. 8. 9. 10, U. 

t Sevexiteea specimens of this kind have been found within 
the space of 600 square yards, in the shale covering tlie Bensham 
seam of coal aV .Harrow Colliery near Newcastle, the dep^jqf 
1200 feet. 



A GIGANTIC FLOATiNO PLANT. 477 

^hort, the longest yet found attached to the etem^ 
was four feet and a half in length. The extOnit of 
these branches, when outstretched and perfect, 
was probably from twenty to thirty feet.* The 
sur&ce of each branch is covered with spirally 
disposed tubercles, resembling the papillie at the 
base of the spines of Echini. From each tu- 
bercle there proceeded a cylindrical and probably 
succulent' leaf ; these extended to the length of 
several feet from all sides of the branches. (PI. 
56, Figs. 10. 11.) The leaves, usually in a com- 
pressed state, are found penetrating in all direc- 
tions into the sand-stone or shale which forms 
the surrounding matrix ; they have been traced 
to the length of three feet, and have been said to 
be much longer, t 

• It appears frrmi sections of a branch of Stiipn.aria, cnjjfraved 
by Lindlcy and Hutton, (Foss. Flora, PI. Hib), that iU interior 
was a hollow cylinder compOM-d exc lusively of Hpiral vessels, 
and containing a thick pith, and that the transverse section 
exhibits a structure somethirn^ like that of Conift'rii^, but w'ithoiit 
concentric circles, and with open spaces instead of the muriform 
tissue of medullary rays. No such structure is known amon^ 
living plants. 

These cylindrical branches are usually depressed on one side, 
probably iho inferiorside (PI. 50, Figs. 8. a h. and 10. A.) ; adjacent 
to this depression there is found a loose inlernat eccentric axis, or 
woody core, (PI. 56. Fig. 10. a.) surrounded with vascular fasciculi 
that communicated with the exteriiul tubercles, and resembled 
the internal axis within the stems of certain species of Cactus. 

f All these are conditions, which a Plant habitually dbating 
with the leaves distended in every direction, would not cease to 
mamtain, when drtded to the bottom of an Estuary, and there 
gradually surrounded by sediments of mud and silt. 
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In many of the strata that accompany the coal, 
fragments of these plants occur in vast abun> 
dance ; they have been long noticed in the sand- 
stone called GuHnister and Crmu^tom^ in the 
Yorkfi^ire and Derbyshire coal fields, and teve 
been incorrectly considered to be fragments of 
the stems of Cacti. 

The discovery of the dome-shaped centres 
above described, and the length and forms of die 
leaves and branches render it highly probable 
that the Stigmarise were aquatic plants, trailing 
in swamps, or floating in still and shallow lakes, 
like the modern Stratiotes and Isoetes. From 
such situations they may have been drifted by 
the same inundations, that transported the Ferns 
and other land vegetables, with w^hich they are 
associated in the coal formation. The form of 
the trunk and branches shews that they could 
not have risen upwards into the air ; they must 
therefore either have trailed on the ground, or 
Imve floated in water.* The Stigmaria was pro- 
bably dicotyledonous, and its internal structure 
seems to have borne some analogies to that of 
the Euphorbiacea\ 

• The place anti form of, the leaves, supposing them to have 
grown on all sides of branches suspended horizontally in water, 
\^oiild have been but little changed by being driUed into, and 
sinking to the bottom of, an estuary or sea, and there becoming 
surrounded by sediments of mud or sand. This hypothesis seems 
supported by the observatioTis made at Jarrow, that the extre- 
mities of the branches descend ftom the dome towards the adja- 
cent bed of coal. ' 
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Conclusion. 

Besides these Genera which have been ena- 
mecated, there are many others whose nature is 
stilVinore obscure, and of which no traces have 
been found among existing vegetables, nor in 
any Mrata more recent tlian the Carbonifeious 
aeries.^ Many yeara must elapse before the 
character of these various remains of the pri^ 
meval vegetation of the Globe can be fully un-?- 
derstood. The plants which have contributed 
most largely to the highly-interesting and impor- 
tant formation of Coal, are referrible principally 
to the Genera, whose history we have attempted 
briefly to elucidate : viz. Calamitcs, Ferns, Ly- 
copodiacem, Sigillariic, and Stigmariac. These 
materials have been collected chiefly from the 
carboniferous strata of Europe. The same kind 
of fossil plants are found in the coal mines of 
N. America, and we have reason to believe 
that similar remains occur in Coal formations of 
the same Epoch, under very diflcrent Latitudes, 
and in very distant quarters of the Globe, e. g. 
in India, and New Holland, in Melville Island, 
^nd Baffin’s Bay. 

The most striking conclusions to which the 
present state of our knowledge has led, respect- 

♦ Soitte of the most abundant of these have been classed under 
tbov names of AsterophyllUes, {see PI. 1, Figs. 4. 5.) from the 
stellated disposition of the leaves around the branches. 
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iog the vegetables which gave origin to coal are, 
1st, that a large propoi^ion of these plants were 
vascular Cryptogamiee, and especmlly* Ferns ; 
2dly, that among these Cryptogamic plants,' the 
Equisetaceee attained a gigantic size; 3rdly,llmt 
Picotyledonous plants, which compose 
' tJiro-thirds of livingVegetables, formed but * small 
proportion of the Flora of these early periods.* 
4thly, that although many extinct genera, and 
certain families have no living representatives, 
and even ceased to exist after the deposition 
of the Coal formation, yet are they connected 
with modern vegetables by common principles 

* The value to be attached to numerical proportions of fossil 
Plants, in estimating the entire condition of the Flora of these 
early periods, has been diminished by the result of a recent inte- 
resting experiment made by Prof. Lindley, on the durability of 
Plants immersed in water. (vScc Fossil Flora, No. xvii. vol. itt. 
p. 4.) Having immersed in a tank of fresh water, during mOre 
than two years, 177 species of plants, including representatives 
of all those which are either constantly present in the coal mea- 
sures or universally absent, he found : 

1. That the leaves and bark of most dicotyledonous Plants are 
wholly decomposed in ‘2 years, and that of those which do resist 
it, the greater part are Comfera and Cycadeee, 

2. That Monocotyledons are more capable of resisting the 
action of water, particularly Palms and Scitamineous Plants; 
but that Grasses and Sedges perish. 

3. That Fungi, Mosses, mid all the lowest forms of Vegeta^h . 

disappear. - 

4. That Ferns have a great Power of r^isting wat^if gathened 
in a green state, not one of those aubmitted to the experiment 
having disappeared, but that ihm fruttificatim perished. 

Although the Results of thtsrixperiilietti ^iti some degree In- 
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of Structure, and bj^Metails of organization, 'which 
shew them all to be p^^irts of One grand, and 
consbtent, mid harmonious Design. 

We may end our account of the Plants to 
whicjii we have traced the origin of Coal, with a 
snmipiry view of the various Natural changes, 
and pMicesses in Art and Industry, through which 
we can follow the progress of this curious and 
most important vegetable production. 

Few persons are aware of the remote and won- 
derful Events in the economy of our Planet, and 
of the complicated applications of human In- 
dustry and Science, which are involved in the 
production of the Coal that supplies with fuel 


validate the certainty of our knowledge of the entire Flora of 
each of the consecutive Periods of Geological History » it does 
not afiect our information as to the number of the enduring 
Plants which have contributed to make up the Coal formation ; 
nor as to the varying proportions, and changes in the species of 
Ferns and other plants, in the successive systems of vegetation 
that have clothed our globe. 

It may be further noticed, that as both trunks and leaves of 
Angiospermous dycotyledinwus Plants have been preserved abun< 
dantiy in the Tertiary formations, there appears to be no reason 
why, if Plants of this Tribt; had existed during the Secondary and 
Transition Periods, they should not also occasionally have escaped 
destruction in the sedimentary deposits of these^earlier epochs. 

In Loudon's Mag. Nat. Hist. Jan. 1834, p. 34, is an account 
of some interesting experiments by Mr. Lukis, on successive 
changes in the form of the cortical and internal parts of the stems 
of succulent plants, (e. g. Sempervivum arboreum) during various 
stages of decay, whkh may illustrate analogous appearances in 
many fossO plants of the coal formation . 

G. I I 
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the Metropolis of England? The most early 
stage to which we can c^rry back its origin, was 
among the swamps and forests of the primeval 
earth, where it flourished in the form of gigantic 
Calainites, and stately Lepidodendra, and Sigil- 
larifp. From their native bed, these plants were 
tom away, by the storms and inundations of a 
hot and humid climate, and transported into 
some adjacent Lake, or Estuary, or Sea.. Here 
they floaltxl on ilie waters, until they sank satu- 
rated to the bottom, and being buried in the 
detritus of adjacent lands, became transferred 
to a new (state among the members of the 
mineral kingdom. A long interment followed, 
during which a course of Chemical changes, and 
new eombinaiions of their vegetable elements, 
liave converted them to the inint^ral condition of 
Coal. By the (k*vating force of subterranean 
f'ires, these beds of Coal have been uplifted from 
lameath the* wat<‘rs, to a new position in the hills 
and mountains, wIktc th(;y arc accessible to 
the industry of man. From this fourth stage in 
its adventures, oir (dal has again been moved 
by the labours of the miner, assisliul by the Arts 
and Seieuc(*s, that have eo-operatiHl to produce 
th(* Stt ain Engine and the Safety Lamp. Re- 
turned on(*(' more* to the light of day* and a 
second tiiiio coiiimitted to the waters, it has, by 
the aid of navigation, been conveyed to the scene 
of its next and most emisiderable change by 
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fire; a change during which it becomca sub- 
servient to the most important wants and con- 
veniences of Man. In this sc%*cntii stage of its 
long eventful history, it seems to \\ie vulgar eye 
to undergo annihilation ; its Klements are in- 
deed released from the iniiienil combinations 
they have iimintainotl for ages, but their ap- 
parent destruction is only the conimencement of 
new sueoessions of ehange and of activity. Set 
free from their long iniprisonnu^nt, they return 
to their native Atmos|)here, from which they 
were absorbed to lake part in the primeval vege- 
tation of the Earth. To-morrow, they may con- 
tribute to the substance of timing, in the Tre«‘s 
of our existing forests; and having for a while 
resumed their place in the living vegetable king- 
dom, may, ere long be applied a S(*eon(l time 
to the use and iMaiefit of man. And when 
decay or fire shall once more consign them to the 
earth, or to the atiriosphere, tin* sannt Elements 
will enter on some fnrllier department, of their 
perpetual ministration, in the e(*onoiiiy of tlie 
material world. 


Fossil Conifer 

The Coniferse form a large and very important 
tribe among living plants, which are ebarac- 


See PI. 1, 1. 31. 32. m 
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terized, not only by peculiarities in their fruoti- 
hcation (as Gymnospetmous plMnerogantia)* but 
also by certain remarkable arrangements in the 
structure of their wood, whereby the smallest 
fragment may be identified. 

Hecent microscopic examinations of fossil 
woods hav€; led to the recognition of an internal 
Mructurc, resembling that of existing Conifer*, 
in the tninks of large trees, both in the Carboni- 
ferous series,! and throngliout the .Secondary 
formations;! and M. Ad. Brongniart has enu- 


* Wc owe lo Mr. Brown, the important di»cov«rf, that Coni- 
hm and Cycuth-n* an; the ititly two familiea of plants that have 
their tkicds on^iinaliy nakt d, and not t ticlostHl within an Ovary* 
(aee Apjicntlix to ('aptain Kinu's Vova^^c to Australia). Tlicy 
have for this nsison Iwhmi arran«(<‘(l in a distinct order, as Gpm- 
nvnpprmou$ Phancri*pnmi<v. This iK'ruliarity in the Ovulum is 
a<v'oinpani(>d throuj^hont hoth thc'tc farnilic.';, by peculiarities in 
the internal Mrurture of their .stems, in winch they differ from 
almost all dieotyledonmis plants, and in some respects also from 
each other. 

The recognition of these jKTuliar characters in the structure of 
the stem, is e^^^ecially im|K)iiunt to the (leological Botanist, be- 
cause the stems of plants ait* often the only parts which are found 
preserved in a fossil stale. 

\ The rMTurrence af large roiuh^rous lre<*s in strata of the 
great (Aial formatiim, was liist announced in Mr. Wit ha in's Fossil 
Vegetables, 1831. It \va.« here stated that the higher and more 
complex organi/ntions of (’ouifenv exist in the (^oal fields of 
Eilinburgh and Newcastle, in strata which till lately have been 
itip^Kisefl to contain only the simpler forms of vegetable struc- 
ture. 

; III the lower i^gion of the Secondary strata, M* Ad. Bning- 
has enumerated, among the fossil plants of the New red 
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merated twenty »pecieft of fossil Couifene in 
strata oi the Tertiary series. Many of these last 
approach mwe closely to existing Genera tliaii 
those in the Secondary strata, and some are re* 
fenible to them. 

It bas been further shewn by Mr. juiced, 
(Edin. New. Phil. Jotirnai, Jmninry, IU.14) that 
some of tlie most ancient fossil C'onitene may be 
referred to the existing gt'iius Piiius, and others 
to diat of AraiK'Hi'ia ; the lattt'r of theses coinpre* 
henda some of the tidiest among living trees, (sue 
PI. I, Fig. I) and is kiiowii in the Araucaria 
excelsa, or Norfolk Island Pine. 

These discoveries are highly iiniH»rlnnt, as 
they afford examples iiinong the oiirliest remains 
of vegetable life, of i<leiiti(y in niiiuile details of 
internal organizsition, liet\ve< n the most uiicieiil 


gaii(iMU>iic of lh« Vosges, four of Volt^ia, ;i iit w gettita of 

Coniferse, having near artinities to tlu .Vr.iueatia ami (aitming*- 
hamia. Bruneius, leaves, and eunt‘.s t>f this genus are most 
abundant at Suit/ It s Haiiiv, near StraHlmrgh. 

Mr. Witham reckons eight .s|M‘eies of C’onifcrat among tbr 
fossil woods of till’ Lias ; and tivt* spet ifs, of wiiicli four are 
allied to the existing genus 'rhiiia, occur in the Oolite forriiation 
of StoncsHeld, * (See Ad. Brongniart’s Piod. page For 

figum of Cones from the Lias anti (rr(‘cn-sand near Lynic 
Eegis* and the Inferior oolite of Northamptonshire, stx* Litidlc 7 
and Hutton’s Fossil Flora» Plates H!>, iri.'i, 137. 

Dr. FiUoti has described and figured two very iKaulifid and 
perfect cones, one from Purbeck ? and one front the Hastings 
sand. GeoL Trans. 2tid Scries, VoL iv. PL 22, Figs. 0, 10. p. 
JBl and *i30. 
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trees of the primeval forests of our ^obe, and 
some of the largest living ConifcrSB * 

The structure of Araucarias alone has been as 
yet identified in trees from the Carboniferous 
scries of Britain. t That of ordinary Pines oc- 

* The transverse section of any coniferous wood in addition 
to the radiatinp^ and concentric lines represented PI. 50*, Fig. 7, 
exhibits under the nucrosco|)e a system of reiiculatiotit by which 
Caniferw arc distinguishuble from other plants. The form of 
these reticulations magnified 400 times is given in PI. 56*, Figs. 
2, 4, r». These a|HTtures are transverse sections of the same 
vessels, which are seen in a longitudinal section at PI. 56*, Fig. 
8, cut from the centre towards the hark, and parallel to the me> 
dullary rays. These vessels exhibit a characteristic and beautiful 
stnietuie, whereby a distinction marked between true Pines 
and Araucarias. In such a section tin* small and uniform longt* 
tudinal vessels, { PI. fit)**, Kig. H) whii h constitute the woody fibre, 
present at intervals a reinaikabie appearance of small, nearly 
circulur figures disjKJsed in vertical rows (See Pi. 56 % Figs, 1, 
tl, 5). These objects und<‘r the nuiiu* of glands or discs, are dif- 
ferently arranged in difiVreul 8|H‘cics ; they are generally circular, 
but sometimes elliptical, and when near each other, become an- 
gular. Each of these disv's has near its centre a smaller circular 
areola. PI. 5r>'‘, Fig. 1, represents ihcii ap{Kmiutice in tlicPinus 
sirobus of North America. 

In some Comferae, the discs arc in single: rows; in others, in 
ilouble as well a.s single rows, o. g. in Pinus strobus, PI* 56% 
Fig. 1. 

Tluoughout the entire genus of living Pines, when double rows 
A)f discs occur in one vessel, the discs of l>oth rows are placed 
side by side, and never alternate, and the numl>er of the rows of 
discs is never wmre than two. 

In the Araucarias the groups of discs are arranged in single, 
double, triple and sometimes quadruple rows, see PI. 56 , Fig. 
3. 5. They are much smaller than those in the true Pines, scarcely 
half their and iu the double rows they always aliemat^ with 
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ciiw in wood lh»m the Coal formation of Nova 
Sartia and New Holland. 

Hie same ordinary structure of Pines predo- 
minatee in the fossil wood of the Lias at Whitby ; 
tninkR of Araucarias also afc found there in tlie 
same laas ; and branches, with the leaves still 
adhering to them, in the Lias nt Lyme Hegis.^ 

- Professor Lindley justly remarks that it is an 
important fact, that at the period of the deposit 
of the Lias, the veg<-tation was similar to that of 
the Southern Hemisphere, not alone in the 
single fact of the presence of ("yra«lea*, but that 
the Pines were also of the nature of s|)ecies 
now found only to the south of tlu.; laiuator. Of 

each other, and are somctimcR circular, Imt mostly polygonal. 
Mr. Nicol hns counted a row of not less than Hfly dim's in a 
length of the tweiiticlli part of an inch, the diameter of each disc 
not exceeding the ihonsundth part of an inch ; hut even the 
smallest of these arc of enormous size, wht n cotnpnred with the 
fibres of the partilious bounding the vcHMds in which ih«*y occur* 

t A trunk of Araucaria forty-seven feci long was found in 
Craglcith Quarry near Ixlinburgh, IK'iO. (^Sec Withanrs Fossil 
Vegetables, FI. 'V). Another, three feet in diameter, and 

more than twenty-huir feet long, w'as discoverofl in the same 
quarries in 1833. (See Nieol on Fossil (‘oniferte, ICdiii. New Phil. 
Journal, Jiin. 1834). The longitudinal sections of this Tree ex- 
hibit, tike the recent Araucaria exceUa, small [lolygonal dtik*s, 
arranged in double, and triple and tpiadruplc rows within the 
longitudinal vessels ; so also does a similar section from the Coal 
(teki of New Holland. 

t See lindley and Hutton’s Fossil Flora, PI. 88, A fosail 
cone refcfHhle to Coniferm, and possibly to the getius Araucert% 
from the y of Lyme Reghif » represented at Plate 89 of Uio 
same work. 
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tlie four recent, species of Amu^iuria at present 
known, one is found on the east coast of New 
Holland, another in Norfolk Island, a third in 
Brazil, and the fourth in Chili. (Foss. Flora, 
vol. ii. p. 21.) " 

Whatever result may follow from future inves- 
tigations, our present information shows that the 
largest and most perfect fossil ConUeras, which 
have been as yet siitliciently examined from the 
Coal formation and the Lias, are referrible either 
to the genus Pinus, or Araucaria,^ and that both 
these modifications of the existing Family of 
Cotiiferie date their coniine uceinent from that 
very ancient period, when the Carboniferous strata 
of the Transition foniiatioii were deposited. 

• Mr. Nicol state* that in fossil woods from the Whitby Lias, 
when coiicontrio layers are diHtinetl y marked on their transverse 
section, (FI, .Od*, *2, a, a.) the lonfijitudmul sections have 

ulst> the sfructuu* of Finns (PI. Fig. 1.); hut when the trans* 
verso section exhibits no distinct annual layers, (PI. 56*, Pig. 
4.) or has them but slightly indicated, (PI. .56*, Fig. 6 a) the Ion- 
gitudiiial section has the characters of Araucaria. (PI. 56“, Fig. 
3, C},) So aUi> those ConitVrue of the great Coal formation of 
F-dinhurgh and Newcastle, which exhibit the structure of Arau* 
caria in their longitudii a! section, have no distinct concentric 
layers ; whilst in the fossil Conifcrti* from the New Holland and 
Novu Scotia I’oul tield, both longitudinal and transverse sectiont 
UgnH‘ willi tliose of the recent tril>e of Pinus. 

Mr. Witimm also ohst'rves that the C’oniferse of the Coal for- 
mation, and mountain limestone group, have tod •l%lkt 
appearances of the concentric lines, by which the toiroal layers 
of the wood are separated, which is also fret|uently thdoase with 
Uie Trees of our present tropical regions, and from this circuin- 
staiiee conjectures that, at the epochs of these formatbns, the 
changes of sealbii, a> to temperature at least were not abrupt. 
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Fragments of ^nks of Coniferous wood» and 
occa^naliy leaves and cones occur throng^ all 
stages of the Oolite formation, frmn tlie Lias to 
the Pordand stone. On the upper surface of 
the Portland stone, we find the remains of an 
andent forest, in which are preserved large pros- 
trate silicided trunks, and siliciticd stumps of 
Coniferm, having their roots still fixed in tlie 
black v^^etable mould in which they grew. 
Fragments of coniferous wood are also frequent 
throughout the Wenlden and Crcen-sand forma- 
tions, and occur ooc asionally in (.'halk.* 

It api>ears that the ('onifiva' arc common to 
fossiliferous strata of all p<>riods ; they arc least 
abundant in the Transition series, more numerous 
in the Secondary, and most fre<|nent in the Ter- 
tiary series. Hence we learn that there has l)een 
no time since the coinmenccincnt of terrestrial 
vegetation on the surface of onr (llobe, in which 
laige Coniferous tn-cs did not exist ; hut «mr pre- 
stmt evidence is insufficient, to a.scertain with ac- 
curacy the proportions tht'y bore to Alu; relative 
numbers of other families of plants, in each of 
the successive geological epochs, tvhich are thus 
connected with onr own, by a new and 1>eautiful 
series of links, derived from one of the most ini- 
portaut trjtbes of the vegetable kingdom. 

* tbm is in the Oxford Museum a fragment of sihdtiod coni- 
ferotis wood, perforated by Teredines, found by Hev. Dr. Faussett, 
to a ebalk flint at Dower Uardres, near Canterbury. 
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SECTION HI. 

VJUiKTABLES IN STRATA OF THE SECONDARY 
SERIES.^ 


Fossil CycadvfV, 

The Flora of the Secondary Series f presents 
characters of an intermediate kind between the 
Insular vegetation of the Transition series, and 
the Conti iientul l^^lora of the Tertiary formations. 
Its predominating fcniturt^ consists in the abun- 
dant presence of ('ycadea*, (see PI. 1, Figs. 33, 
34, 33,) t(»gother with Conifene,! luid Ferns.^ 
(See »*l. I, l^gs. 37, 3H, 30.) 

* SeelM. 1, Ki^s. Jl to 3‘). 

t M. All. Hron^niurt, in his urrangenu'nl of fojisil plants, has 
formi’il a ilintiiu t jrroup out of the few spei ies \\liieli have been 
fuuml in the Ueil-Muulstone formation (( ires bi'^'arre) immediately 
above the (?ual. In our division of the .strata, 1 ) 0 $ Red-sandstone 
is iiu'luded, as tyi inferior niemher, in the Secondary se ries. Five 
Alj^v, three Calamiles, five Ferns, and live Conifene, two laliaceaii, 
and three uncertam Moe icotyledouons plants form thet entire 
niiiount of S|HH.*ies which he tMiiimerates in this small Flora. 

See also Jteger ub«T die Pdanxciiversleiiierunj;en in dem Bau- 
samlstein von Sluttpirt, IH-J7. 

t We again refer to Witham*s Account of Conifene from the 
Lias, in his observations on Fossil Vegetabhrs, 1833, 

§ A very interesting account, accoin[)anKd by ihering 

the internal structure of the stems of ftwisil arlHirescetit Fertis of 
the Secondary f^eriwL is g»%en in Cotta's Demlrolithen, Dresden, 
183\2; these appeal to bi ihiiRy ffoiii the New re<t sandstone 
ofChemnit/ ne«»r Diesden. 
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M. Ad. Brongniart enumerates about seienty 
species of land plants in the Secondary forma- 
tions, (from the Keuper to tlie Chalk inclusive ;) 
one half of these are Conifene and Cycadew, 
and of this half, twenty-nine arc Cycadea; ; the 
remaining half are chiefly vascular Cryptoga- 
mise, viz. Ferns, Equisetaeea>, and liycopodia- 
cesp. In our a<-tual vegetation, Conifene and 
Cycadese scarcely compose a three hundredtii 
part.* 

The family of Cycudea; coniprt'hends only two 
living Genera; viz. Cycas, (FI. oK.) and Zuiilia. 
(PI. 39.) There an? live known living Speoiesof 
Cycas and about seventeen of Zainia. Not a 
single species of the Cycadea* grows at the pri'sent 
time in Hurujie ; their principal localities are 
parts of eipiiiHMaial .‘\iiicri« a, the West Indies, 
the Cape of (iootl llop«-, Madagascar, India, 
the Molucca Islands, Japan, (.'himi, and New 
Holland. 

Four or live genera, and twenty-nine sjaicies of 
Cycudea', (x-cur in the fossil Floni of the S(!con- 
dary period, but remains of this family are very 

• The fossil vegetables in the Secondary series, although they 
present many kinds of Lignite, very rarely form l>ed» of valuable 
Coal. The imperfect coal of the Cleveland Moorlands near 
Wbtlby) and of Brora in Sutherland, belong to the inferior re- 
gion of di# Oolite formation. So also does the bituminous coal 
of Blickiaberg near Minden, in Westphalia. 

The coal of Hoerin Scania is either in the Wealden formation, 
or in the Green-sand (Ann. da Sciences Nat. tom. tv, p, 200). 
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rare in strata of the Transition, and Tertiary 
series.f 

The Cycadese form a beautiful family of plants 
whose external habit resembles that of P^ms, 
whilst their internal structure approximates in 
st^veral essential characters to that of Ckmifarm. 
In a tliird respect, (viz. the iiyrate Vemaiim^ or 
mode in which the leaves are curled up at their 

t I leam by letter from C>imt Sternberg, (Aug. 1835.) that 
he iia» found Cyc*a<lc(i; and Zamites iu the Coal formation of 
Ikihetiim, of which he will publish Hgure« if) the 7th and 8ih 
Ci^ahier of his Flore du Monde priniitif. Tliis is, ] Ixdicve, the 
first example of the recognition of plants of this family in strata 
of the Carhnniferoii** senes. 

During a recent visit to the extrusive and admirably arrangori 
geological oollectiou in liie MiiMeiitn at Strasbourg, I w’as in- 
formed by M. V’oh/ that thehtcinof a f 1-htit Museum, 
described by M, Ad. Rrongniart as a MitutvUia, from the Mus- 
rlielkalk of I.uiwville, is d(Tiv<‘d fn»in the Lias near that Towrri. 
M, Voltz knows nocxuinpie of any C'yeadites from the Muschel- 
kalk. Stems and loaxes of ('ycadeie occur also in the Lias at 
Lyme Uegis. (Lind. Foss. FI. 1*1. 14 1.) 

The most abundant deposit of fossil leaves of Cycadeie in 
Hngland, is in the Oolitic formation on the coast of Yorkshire, 
l>etween Whitby and Scarborough, (See Phillips’ Illustrationa of 
the Oeology of Yorkshire.) lA-aves of this family occur also in 
the Oolitic slate of Ston stield. lindlcv and Hutton, Foss. Flora, 
PI. 17*2, 17.0. 

In limlley and UmUou’s Fossil Flora, PL KJb, Figures are 
given «»f rone's which be refers to the u<mhis Zamia, from the sand- 
stone of the Weahlen formation at Yaverland on the South coast 
of the 1. of Weight. 

M. Ad. Urungnmrt has csUblished a new fossil geaui 
in the family of Cycadefe, which occurs at Hoer in Scania, in 
strain, either of the W%nilden or Orecn-sand formatlito ; and an- 
other genus, Pterr^kifilmm, which is found from the New red 
taJuLstone upwards to the Wealdeu formation. 
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points within the buds), they resemble ilems; 
(See PI. 1 . F, 33, 34, 35, and PI* 58, 5^,) 

I, shall select the family of Cycadeaj from the 
Fossil Flora of the Secondary period, and shall 
enter into some details respecting its oi^ganizutkm, 
with a view of showing an example of tlie method 
of analysis, by which Cieologists are enabled to 
arrive. at infoniiation as to the structure and 
economy of extinct sj>ccic‘s of Ibssil vegetable's, 
and of the importance of tlie conclusions thc^y 
are enabled to establish. Thosi' who have at- 
tended to the recent protrress of vegetabk* Phy- 
siology will duly uppreciale the value of niicros- 
eopic in vest! gat tons, wdiitli enable us to identify 
the structure of vegetables of such remote anti- 
quity, with that whicli prt'vails in <he organiza- 
tion of living spc*cies. 

The physiological discoveries tliul have lately 
been made with respect to living species of (^’y- 
cadea;, have shown them to (H’ciipy an inter- 
mediate place Ijetwwn Palms, I'eriis, and C'o- 
niferaB, to each of w hich they bear <’erUtin points 
of resc^iublance ; and hence a peculiar interest 
attends the r<*rognition of similar structures in 
fossil plants, referrible to a family wdiose chanm- 
ters are so remarkable. 

The figure of a C'yeas revoluta (PI. 58, )♦ re- 
presehtS the form and habit of plants belonging 
to thiftb^iitiful genus. In the magnificent crown 

♦ from a Plant in Lord OreoviUe** tViinsenratory ftc 

Z>rof»iiior« in 
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of gmceitil foliage surrounding the summit of a 
simple cylindrical trunk, it resembles a Palm. 
The trunk in the genus Cycas, is usually Ipng. 
That of C. circiiialis rises to 30 feet.^ In the 
genus Zamia it is commonly short. 

Our figure of a Zamia pungens.f (Pk 59,) 
shews the mode of inflorescence in this Genus, 
by a single cone, rising like a Pine Apple, de- 
prived of its foliaceous top, from within the 
crown of leaves at the summit of the stem. 

The trunk of the Cycade® has no true bark, 
but is surrounded !)y a dense case, composed of 
|)ersistcnt scales which have formed the bases of 
fall<?n leaves ; these, togethe r with other abortive 
scales, constitute a compact covering that sup- 
plies (he place of hark. (See PI. oB and 59.) 

In the fieol. Trans, of London (vol. iv. part 1. 
New SerK‘s) 1 have puhlished, in conjunction 
wdth Mr. De la Beclie, an account of the cir- 
inimstancc's under which silicitied fossil trunks 
of Cycadea* are found in the Isle of Portland, 
immediately above the surface of the Portland 
stone, and below the l^urbeck stone. They are 
lodged in the same beds of black mould in which 
they grew, and are accompanied by prostrate 

• III CurtU’s Botanical Maji^a/inc, 18*28, PI. 282^, Dr. Hooker 
has published an Engraving of a Cycus circinalis which m 1827 
flowered in the liotanic Garden a» Edinburgh. See PI, I, 
Fig. 33. ^ 

t Copied from an engraving published by Mr. Lilidbert, of a 
plant that bore fruit at Walton on Tiiaines in the conservatory of 
Ladv Tankerville. 1832. 
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trunks of lai^e coniferous trees, couverlp^ 
flint, and by stumps of Uiese trees standing ercot 
with their roots still fixed in Uieir native soil* 
(See PL Fig. !.)• 

PI. <57, Fig. 5, exhibits siniilur stumps of trees 
rooted in their native mould, in the CliflT imiiie* 
diately east of Lulworth C ove. Here the strata 
have been elevated nearly to an angle of 45"*, 
and the stumps still retain the unnatural inclinu- 
tion into which they have b<*t*ii throw n by tJiis 
elevation. 

The facts r€?prcs(3uted in three last figures 
are fully described ami t xplaim d ia llie paper 
above referred to; they prove that plants be- 
longing to a family that is now confined to the 
warmer regions of the earth, we re at a former 
[K.Tiod, natives of the soutlurrn c’oast of Fag- 
land, t 

* 'file skeK'h, PI. .'iT, Pijj. n*|irc<<ci»N n fri|»l<* HcricB of cir- 
cular umluUition^t nijirkt^l in tin* Mtouo, which a 

stumps r<x>tt*<l ill the in thi! Ish uf PorthtiKl. 'niiii very 

curious disjKiHition has apparent I v resulted fioiii uiiduhttioiiH, 
produced by winds, hlowm*^ at diffi rent times in ditferoiit di- 
rections on the surfaee of the shallow fresh water, from the iwfdi- 
menuof which the rnaltcT of this stratum was supplied, while iho 
top of this stein stoixl ahovtj the surfac e of the wutt;r. See Geol. 
Trans. Lond. N. S. vol. iv. p. 17. 

t The structure of this district afl'ords al.<io a ^ood example 
of the proofs which Geology discloses, of iiitcrnate elevations nod 
submorstons of the strata, sometimes gradually, and sometimos 
violently, during the forniatkiii of the crust of our planet. 

First. We have evidence of the rise of the Portland stone, till 
it reached the surface of the sea wherein it was formed. 

Secondly. This surface l^ecame for a lime, dry land , covered by 
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.,,4lS no leaves have yet been found with the 
fossil Cycadese under considcatttion, we are h- 
mited to the structure of their trunk and scaka^ 
in our search for their distinguishing cfaaractess. 

1 have elsewhere (Geol. Trans. London, N. S. 
vol. ii. part iii. instituted a comparison be- 
tween the internal structure of two species of 
thc$ic fossil trunks, and tliat of the trunks of a 
recent Zatnia and recent Cycas.* 

a temporary forest, during' an interval whieh is indicated by the 
thickness of a bed of black mould, called the Dirt bed, and by 
the rings of annual growth in large petrified trunks of prostrate 
trees, whose roots had grown in this mould. 

Thirdly. We find this forest to have been gradually submerged, 
first beneath the waters of a freshwater lake, next of an estuary, 
and ufterwanls bciu?ath those of a deep sea, in which Cretaceous 
and 'ferliary strata were deposited, more than 2000 feet in thick- 
ness. 

Fourthly. 'I’he whole of these strata have been elevated by sub- 
terraneun violence, into tin ir aelual position in the hills of Dor- 
setshire. 

We arrive at similar conrlu.sions, a.s to the alternate elevation 
and depressions of tin' surface of the earth, from the erect posi- 
tion of the stems of (Jalamites, in sandstone of the low'er Oolite 
formation on the eastern coast of Yorkshire. (Sec Murchison. 
Proceetlings of CJeol. Society (if Ixnrdon, page 391.) 

* M. Ad. Bwngniart has referred these two fossil species to a 
new genus, by the name of Muntellia nidifurmis and ManteUia 
cylindrica; in my paper, just quoted, 1 applied to them the pro- 
visional name of Oycadeoidea megalophylla and Cycadeoidea 
microphyiia ; but Mr. Brown is of opinion, that until sufficient 
reasons arc assigned for separating them from the genua Cyciw 
oir Zamia, the proviaioiiat name of Cycudites is more appropriate, 
as expressing the present state of our knowledge upon this sub- 
ject. The name Manleilia ts already applied by PaBtinson (In- 
troduction to Fossil Org. Rem. p. 53 ) to a genus of Zoophytes, 
which is figured in Goldfuss, T. vi. p. 14. 



IKrSWNAL. STlftiCrUllE^T TRtrmt^. 

I mast relfer to the mciBoir, in Irhieh theee 
sections are described, for specific details as to 
the varied proportions and numerical distrihti- 
tion these concentric circles of laminated vtood 
and cellular tissue, in the trunks of living and 
fossil species of Cycadca?.* 

A strict corrcs[)ondcnc(‘ is also exhibited in 

Pittites (»0, Fij;. 1, and (Jl, Fij;, I, ro|»rt‘!H*nt very jKirfcct 
sjHK'imcnu of fossil l'\oa(lites fitmi Ptjrtl.ind* now In the Oxfonl 
Museum ; both having the im|>ortaiit character of Buds pro- 
trudaig from the Axillm t>f the Icnf sfalks. 

The section given in IM. Fi);. J, t>f the trunk of a recent 
Zamia horrida, frtun the ('ape of (iootl no|H', disphtys a stnichire 
simitar to tltal in the seetion ttf the fo<vsil ( ’yt'acIhcH meptlophylliis 
from the Isle of Portland ; (Pl.t'O^ Fi;<. each presents a single 
circle of radiating luniinse nf wotnly hims H, placed hdwetai a 
central mass of cellnlar tisMic, A, and an exterior circle of the 
same tissue, C. Aiomid the Irnnk, thus ('onslitiitetl <>1' thret* 
parts, is placed a case or fal*»e hark, I), com|»f>M<Hi of the ptTsi-*- 
tent bases of falU ii leaves, ami <»f ah*»ili\e seah*s. Tlie eontinn- 
atioii of the same stnictnre i"* s«*i n at ilie summit oftlie stem, PI. 
(iO, Fig. I, A. B. I). 

The Cycadiies microph\llie«. IM. hi, Fig. I, all'orfls a simihir 
approach to the internal strm ture of tlie stem in the recent 
Cycas. Tire summit tif this fos'.il exhibits a <'rntral mass of cel- 
lular ti,s.«ue ( \\ surronndcf! by two ctrelcs of radiating woody 
platens, B. h,, between these laminate<l circles, is a narrow circle 
of cellular tissue, whilst a broader ciiclc of similar cellular tiHsiie 
(C) is placed iH^tween the exterior laminated circle, (b) and the 
leaf scales (D). TIiLs alternation of radiating circles of wood 
with circles of cellular tissue, is similar to the two laminated 
circles near the baite of a young stem of rycjui revolutn, (VL 
59, Fig. 3.) This section was communicated to me by Mr, Brown 
early in 1828> to eonhrm the analogy which had Ix'cn suggested 
from the external surface, between these fossils, ami the recent 
Cycademi and is figured in Geol. Trans. N. S. vol. ii. PI. 46, 

K K 
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the internal structure of the scales, or bases 
of leaf stalks surrounding the trunks of our fossil 
Cycadites, with that of the corresponding scales 
in the recent species.* 

* In PI. (>1, 2, 3, represent two vertical sections of a 

CycaditCH micropliylhis from Portland, converted to Chalcedony. 
These slices ure parallel to the axis of the trunk, and intersect 
transversely the peniistent bases of the Petioles or Leafstalks. 
In each rhomboidul Petiole, we see the remains of three systems 
of vegetable strueturc, of which magnified representations are 
given PI. (i2, Fig. I, 2, 3. We have, first, the principal mass of 
cellular tissue (f ) ; secondly, sections of gum vessels (h) irregu- 
larly dis|>er8ed through this cellular tissue ; thirdly, bundles 
of vessels, (c), placed in a somewhat rhomboidal form, parallel 
to, and a little within, the integument of each {KStiole. These 
bundles of vessels are composetl of vaseular woody fibres proceed- 
ing frcmi the trunk of tin* plant temurds the leaf. See magnified 
section of one bundle at PI. t>2, Fig. 3, c/. 

A similar arrungeiiu nt <»f ncaily all these parts exists in the 
transverse section of the leaf stalks of recent Cycado®. In Cycas 
circinalis, ami C. revolutu, and Zuiniu furfiiracea, the bundles 
of ves8(ds uic placed as in our fossil, nearly parallel to the inte- 
gument. In Zamia s)>iralis, and Z. liorrida, their disposition 
wathin the Petiole, is less leguhu, but the internal structure of 
each bundle is nearly the same. In PI. (i‘2, Fig. A shews the 
place of thest‘ bundles of vessels in a iransNcrse section of tlie 
leaf stalk of Zumia spiialis ; Fig. A. c'. is the magnified appear* 
ance of one of the bundles in this section ; Fig. B, c ' is the mag- 
nified tiunsvorse section of a similar bundle of ves.sels in the 
petiole of Zamia hurnda. In this sj)ccies the vascular fibre.s 
arc smaller and more numerous than in Z. spiralis, and the opake 
lines less distinct. Both in recent and fossil rycadem the com- 
{xmeut vascular fibres of these bundles are in rows approximated 
so closely to each other, that their compressed edges give an 
appearance of opake lines between the rows of vascular fibres, 
(see PI, 62, Fig. I , c'. Fig. B, and Fig. 3, c .) These bundles 
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Mode of increase fy finds the same in recent 
and Jossil C^cadetr. 

The Cycas rvvoluta figuroil in PI. .’ifl* jWB- 
sessea n peculiar intereat in relation to both owr 

of vesieU seem to partake of the lamiiiatetl dispoftition of the 
woody circle within the trunk. • 

An agreement is fniml also in the lon;;itu(linal w*ctjon« of 
the Petioles of recent and fossil (’vratleir. PI. Fi^. I, is 
the longitudinal su'ctirm of part of the base of a Petioh* of Zaniiu 
•piraliSf magnified to twice the natural si/e. It is unwle up of 
cellular tiiupiu(% (f), interspers'd with gmn vessel.s, and with long 
bundles of vascular fibres, (e) proceeding from the trunk towanU 
the leaf. On the lower integumt'ut, (h ) is a dense etntting of 
minute curling hlaments of down or cotton, (n) which being re- 
jveated on each scale, renders the oongerie.s of scales surronmling 
the trunk, im{)ervious to air and moisture. 

A similar dis|K>iition is seen in the longitudinal section of tin' 
fossil Petiole of Cycadites inn'rophyllus reprcseiitid at PI. Fig, 
*2, and magnified four times. At f, we have cellular iis.sue inter- 
spersed with gum vessels, h. Hencath c, are longitudinal liun- 
dlcs of vessels; at h, is the intc-iimenl ; at «, a most Ix^autiful 
petrifaction of tlic rurliug tilamcnts of dovtn or cotton, ]irocec<I~ 
ing from the surface of this integument. 

In the vast'ular bundles within the fossil Petioles, (c) Mr. 

. Brown has recognized the presw nee of spiral, or scalurifortn vessels 
(Vasa scalariformia) such as are found in the Petioles of rcHtent 
Cycadem ; he has also detected similar vessels, in the hiiniriatcd 
circle within the trunk of the fossil Buds next to Ih* defW'ribed. 
The existence of vessels with discs peculiar to recent CycudeoB 
and Coiitfene, such as have been describerl in speaking of fossil 
Coniferee, has not yet been ascertatne<i. 

• This plant had l>een living many years, in LfmJ ffrenville’s 
conservatory at Dropmore. In the autumn of 1827, the external 
part of the scales was cut away to get rid of itisects : in the foU 
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rj(M> 

fossil species, in consequence of its protruding a 
series of buds from the axillae of many of the 
scales around its trunk. These buds explain 
analogous appearances at the axillae of many 
fossil scales on Cycadites inegalophyllus, and Cy* 
cadites inicrophyllus, (see PI. (JO, Fig. 1, and PI. 
(II, Fig. 1,) and form an important point of agree- 
ment in the Physiology of the living and fossil 
(’ycadeae.* 

lowing; spring; tlu* luids bepaii to protrude, ftimilar buds up{jcared 
also in tlie same conservatory on a plant of the Zaniia spiralis 
from New Holland. In vol. vi. p. .'“dil, Ilortieult. Trans, leaves 
are stated to have: protruded from the. seales of a decayed trunk 
of Zuniiu hornda in a conservatory at Petershurgh. 

I learn from Professor Henslovv, that (he trunk of a (‘ycasre- 
voluta, which in 1830 produced a (’one loaded with ripe drupes, 
in F^arl Fit/williani’s hothouse at Wentworth, threw' out a number 
of buds, from the axillte of (be leaf-scales soon after the Cone 
was cut off fioin its .summit, in Finn. Trans, vol. vi. tab. Si9, is 
a figure of a similar cone whieh bore fruit at Farnham C'astle, 
1709. 

It is slated in Miller’s Gardener’s Oict ionary, (bat the'Cyeas 
revoluta was introduced into England about 17.08, by Captain 
llutchinsmi ; bis ship was attacked, and the head of the plant 
dliot off, but the stem being p^eser^ed, threw* out several new 
heads, which w'erc taken off, and produced as many plants. 

* In the fossil trunk of ('ycadites mierophyllus, PI, (51, Fig. !, 
we see fourteen Buds protruding from the axilhe of thehjaf stalks, 
and in PI. f>(\ Fig. I , w*c have three Buds in a similar position in 
Cycadites inegalophyllus. 

In PI. (51, Figs. 2, 3, exhibit transverse sections of three Buds 
of Cycadites mierophyllus. The section of the uppermost bud. 
Fig. 3, g, passes only through the leaf stalks near its crown. 
The section of the bud, Fig. 3, 'd, being lower down in the em- 
bryo trunk, exhibits a double woody circle, arranged in radiating 
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Thus, we see that our fossil Cycaditcs are 
closely allied by many remarkable characters 
of structure, to existing Cycadesp. 

I. By the internal structure of the trunk, con- 
taining a radiating circle, or circles, of woody 
dbre, eiiibt?dded in cellular tissue. 2. By the 
stnicture of their outer case, coinj>osed of [>crsi.s- 
tent bastes of f>etioles, in place of a bark ; and by 
all the minute details in the internal organization 
of each Petiole. .‘L By their mode of increase by 
Buds protruded from germs l^lhe AxilUe of the 
Petioles. 

However remote may have been the time whi»ii 

plates, rescinbiiny^ t lie double woody oil <dc in the iiiatiire trunk, 
ei. (il, I, n, b. Hut in pi. i>I, ‘J, the laininaleil eirele 
within the embryo tiunk near d, iiii le.ss distinetly doiihk', as 
iiiii;ht l>e exjMH'ted in ho yount: u Htutc. 

At PI. 6*2, Kij;. 3, d, nnd d . we see tna^intied re|)ieHentatioiis 
of a {Kution of tin* cni))ryo eiiele witliin llte niul, PI. 61. 3, d, 

Tlu‘.<*e woo(J\ nreles within tie* Inidi*, are placed iKfwceti an 
exterior circle of cellular tissue, intersjMTst'd with vt'^aela, 

and a <*entral mass of the same tissue, as in the mature steinH. 

On the right of thc‘ lower bud, 1*1. (»1, Fig. 3, above b, and in 
the magnitied representation of the same at PI. 62, I'lg. 3, e, we 
have portions of a small, im|»errcc i laminatt^ circle. Similar im- 
}K»rfect circlc.s occur also near the margin of the sections, PI. 61, 
Figs. 2, 3, at p, c , e ; these may be im|>i'rteelly developed 
Buds, crowded like the small Buds near the base of the 
living Cycas, PI. 58 : or they may have r€*sult«*d from the coii- 
duence of the bundles of vessels, in the Bases of h*avt‘s, forced 
together by pressure, connected with a diminutiou or decay of 
their celtiilar substance, 'flic normal |H>sition of these bundles 
of vessels is seen titagniHed in PI. 62. Fig. 3. c. and in nearly 
all the Sectrons of Bases of {)etiole.s in PL (>1 . Fig, 2, 
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these Prototypes of the family of Cycad^ 
ceased to exist, the fact of their containing so 
many combinations of peculiarities identical with 
those of existing ('ycadea*, connects these an- 
cient arrangements in the Physiology of fossil 
Botany, with those which now characterize 
one of the most remarkable families among 
existing plants. In virtue of tliese peculiar 
structures, the living Cycadeac form an im- 
portant link, whi(;h no other Tribe of plants 
supplies, connectfi^l lie great family of G>niferae, 
with the fumilies of Palms and I-'erns, and thus 
fill up a blank, which would otherwise have 
separated these three gr<-at natural divisions of 
dicotyli;douous, monocotyledunous, and ucotyle- 
donous plants. 

TIu' full ilevelopinent of this link in the Se- 
condary pt'riods of (ieologieal history, affords an 
important evidence of the rniformity of Design 
which now pervades, and ever has pervaded, ail 
the laws of vegetable life. 

Facts like thest* an- inestimably precious to 
the Natural Theologian ; for they identify, as it 
were, the Artificer, by tletails of manipulation 
throughout his work. They appeal to the Phy- 
siologist, in language more commanding than 
human EUnpiencc ; the voice of very stocks and 
stones, that have been buried for countless ages 
in the dei'p recesses of the earth, proclaiming 
the universal agency of One all-directing, all- 



RECENT PANDANE^. 


mn 

sustamiiig Creator, in whooe Will and Power, 
these harmontous systema originated, and by 
w^hoae Universal Pmvidence, they are, and have 
at all times been, iiminiained. 


/W'lV Pupuiiuiett. 

The Pandaiiea\ or Screw- Pines, form a luono- 
cotyledonous family wliicli now grows only in 
the warmer zones, and eluefly within the influ- 
ence of the sea ; they abound in the Indian 
Archipelago, and tlu* islands of the Pueiiie Occam 
Their asp<!ct is that of gigantic Pine a|)ple 
plants having arhoresc<‘nl steins. (See PI. (W, 
Fig. 1.) 

This family of Plants s(‘ems destim‘d, like the 
('(K'oa nut Palm, to he among the first vc*getuble 
( donists of new lands just emerging from the 
cKtean; tlu^y an* foinul togt't her almost iinivcTsally 
by navigators on the rising (a>ral islands of tro- 
pical stalls. We. Imv<’ just been eousideriiig the 
history of the fossil stems of Cyeadctc in the Isle 
of Portland# from wliieh we learn that Plants of 
that now Extra-europeun family were natives of 
Britain, during the [>erio<l of the Oolite formation. 
The unique and beautiful fossil fruit represcnited 
in our figures (I^late 0;J, Figs. 2, .3, 4,) affords 
probable evidence of tlic existence of another 
tropical family nc^arly allied to the Pandan(*u* at 
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the commencement of this great Ool^c aeries in 
the Secondary formathais.* 

In structure this fossil Fruit approaches nearer 
to Pandmus than to any other living plant, 
and viewing the peculiarities of the fruit of Pan- 
daneae,! in connection with the office assigned 

• ThiB fossil was found by tlio late Mr. Page, of Bishport 
near Bristol, in the lower region of the Inferior Oolite fonnation 
on the E. of Cliartntnitli, Dorset, and is now in the Oxford 
MuHetim. The size of this Fruit is that of a large orange, its surface 
is occupied hy a stellated covering or J^picarpium, (‘omposf^d of 
hexagonal Tuln'roles, forming the summits of cells, which occupy 
the entire (‘ircnmferencc of the fruit. (Figs. 2, a. 3, ti, 4, a. 8, «,) 

Within each cell is (.'ontained a single seed, resembling a small 
grain of Uiee more or less' com presseil, and usually hexagonal, 
Fig*. (i, 7, B, 10. WhtTe the I'.piearpium is removed, the 
|M>intB of the vseetls are seen, thickly studded over the surface of 
the fruit, (Fig. 2, 3, t*.) 'flie Buses of the cells (Fig. 3 and lOc.) 
are separuted fiom the ret i ptacle, hy a congeries of fool-stalks 
(d) formed of a di’nse mass «)f lihres, leseinblirig the tihres heneath 
the base of tlie seeds of the mo^lern Pundanus (Fig. 13, 14, 
15, d.) As this position of the seeds upon foot-stalks composed 
of long rigid fibres, at a disluiiee from the leceptarle, is a cha- 
racter that exists in no other family tliun the Pandanem, we are 
herc‘hy enabled to connect our fossil fuiit with this remarkable 
trilv of plants, as a new genus, /Woron/r/. I owe the sug- 
gestion of this mime, anu tnu<di of my information on this .sub- 
ject, to the kindness of my fiiend, Mr. HuIhiI Brown. 

t The large spherieal fiuit of Pundanus, hungmgou its jxirent 
tree is represented at PI. t>3. Fig. 1. Fig. 1 1 is the summit of 
one of the many Drujrei into winch this fruit is usually divided, 
cell when not barren contains a single oblong slender «eed ; 
the cells in each drupe \ary from two to fourteen in number, and 
many of them are aliorlive, (Fig. 13.) The seeds within each 
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in the Ecraminy of ntitaro, to this family of 
sea-side plants, viz. to take the first potoeesion 
of new-f<Hrmed land, just emerging firmn the 
water, we see in the disposition of light buoyant 
fibres within the interior of Uiese fruits, an ar- 
rangement peculiarly adapted to the office of 
v^ctablc colonization.* The sen-side locality of 
the Pandanen', causes many of their fruits to 
fall info the water, wherein they are drifted 
by the winds atid waves, until they find a rest- 
ing place iijK)!! some distant shore. A single 
drupe of Pundanns, thus charged with seeds, 
tninsjmrts the elements of vegetation to the rising 


Urtipc of pAntiantijt nro oncloHct! in a hard mil, of which ACiHioits 
are given at 14,1 fi, Tlu’so nuts are wanting in the IVltK'arya , 
whose w‘Hs are smallrr than those of Pandaneus and not ool- 
lectetl into drupi'S, htit tiis|M‘r<e<l uniftinnly in single eelIvS over 
the entire circumrcremv of the fruit. (See IM. (i'l, Pign. .'t, 8, Kt.) 
The eolkctiori of the secrls into dru|)cs hurromitled by a hard 
nut, in the fruit of I’andanus, forms the es^ienlial ditference 
Iwlween tins genus, and our new genus, PtKhKmrya. 

In the frtmof F*andarius. PL (>3, Figs, II, Hi, 17, the summit 
of each cell is covered Nviih a hard cap or tul)crcle, irregularly 
hexagonal, and erownofl at itsatiex with the remains of a withered 
stigma. We have a similar eovering of hexagonal tubercles 
over the cells of Podifcurya (PL <>1, Figs. *i, a, H, a. 10, a.) The 
remains of a stigma appear also in the centre of these hexagons 
aliove the a|»t*x of each s<‘ed. (Figs. H, n, 10, a.) 

* There is a similar provision for transprtiiig to distant 
regions of the ocean, the seeds of the oilier family of sea-skie 
plants which accompanies the Pandanus, in the buoyant mass of 
Fibrous covering that surround!^ the fruit of the (^oa>iiut. 
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volcaiuc and coral iilaii^d of the modern Pacific. 
The seed thus stranded upon new formed land« 
produces a plant which has peculiar provision for 
its support on a surface destitute of soil, by Iwg 
and large aerial roots protruded above the ground 
around the lower part of its trunk. (See PI. 63. 
Fig. 1.) These roots on reaching the ground 
arc calculated to prop up the plant as buttresses 
surrounding the basis of the stem, so tliat it 
can maintain its erect position, and fiourish in 
barren sand on newly elevated re^efs, where little 
soil has yet accumulated. 

Wc have as yet discovered no remains of the 
leaves, or trunk ofPandanca' in a fossil state, but 
i^thc presence of our uiiu|ue fruit in the Inferior 
Oolitcj formation near ('liarinouth, carries us back 
to a point of time, wlieii we know' from other 
evidence that England wjis in the state of new - 
born laud, emerging from the seas of a tepid cli- 
mate; and shews that combinations of vegetable 
structure such as exist in tlie modern Paudanea?, 
adapted in a pe<mliur manner to tlie otiice of 
vegetable coioiiization, prevailcul also at the time 
when tlie Oolite rocks were in proc'ess of forma- 
tion. 

This fruit also adds a lU'W link to the chain of 
evidence, which makes known to us the Flora of 
llic Secondary periods of geology, and therein 
<liscloses fresh proofs of Onler, and Harmony, 
and of Adaptation of |>eculiar means to peculiar 
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ends ; ^xteiidmg baiCkwEitlii tii€» aetaal con* 

ditkm of our Planet tbfoli|;li the manifold stagi^ 
of change, which its ancient surface has under** 
gone.* 


SECTION IV. 

VEGETABLES IN STRATA OE THE TE^RTIARY SERIES.^ 

It has been stated that the vegetation of the 
Tertiary period presents the general character 
of that of our existing ("bntinents within the 
Temperate Zone. In Strata of this Serujs, 
Dicotyledonous Plants assume nearly the same 
proixwlions as at pre^nt, and are four or five’* 
times more ntimcTous than tiu* Monocotyledo- 
nous ; and the greate r number of foasil Plants, 
although of extim t species, have much resem- 
blance to living (ieiicTa. 

This third great change in the vegetable king- 
dom is considered to supply another argument in 
favour of the opinion, tlmt the temperature of 
the Atinospherf*, has gone on continually dimi- 
nishing from the first commencement of life upon 
our globt*. 

• FruiU of anott^T ^enus of Pandaocto, lo which Mr. Acl. 
Brongniart has <^iven the name of Pandanocarpum, (Prodrome^ 
p. 138,) occur toi^ether with fruiU of Coroa nut, at an carter 
period of the Tertiary formations, among the numerout fotiil frutta 
that are found in the l^ondon-rlay of the Ule of Sheppey. 

f Sec Pi. 1 , Ffga. 66 to 72. 
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The number of sp^iei of plants in the varioas 
divisions of the TertiaSy strata, is as yet imper- 
fectly known. In 1828, M. Ad. Brongniart con- 
sidered the number then discovered, but not 
described, to be 160. Many of these belonging 
to Genera at that time not determined. The 
most striking difference between the vegetables 
of this and of the preceding periods is the abun- 
dance in the Tertiary series, of existing forms of 
Dicotyledonous Plants and large* trees, e. g, 
I^oplars, Willows, Elms, diostnuts, Sycamores, 
and many other Genera whose living species are 
familiar to us. 

Some of the most remarkabh* accumulations 
** of* this vegetation are those*, whic h form extensive 
l)eds of IJgnile and lirotrft-vout* I n some parts 
of Germany this Brown-coal occurs in strata of 
more tliiui thirty feet in thickness, chiefly com- 
posed of trees wdiich have drifted, appa- 

rently by fresh water, from their place of growth, 
and spread forth in beds, usually alternating with 
sand and clay, at the bottom of then existing 
lakes or estuaries. 

The Lignite, or beds of imperfect and stinking 
Coal near Poole in Dorsc^t, Bovc*y in Devon, and 
Soissoiis in France, have hec*n reft*rrcd to thu 
first, or Eocene period of the Tertiary fonnations. 


* See an admirable arliolr on by Alcxaiulre Brongniart 

in the tJblh voK of tfic Dieiionuaire des .Sciciice«» Naturelles. 
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To tlie saiae period pra)»Idy1ii^oggiheSuitur- 
bmnd of Iceland, (see H^tidecson’s Iceland, voU 
it p. 1 14.) and the welldcnown example^ otf Brown* 
coal on the Rliine near Cologne and Bonn, and 
ofthe Meianer mountain, and Habichtswald near 
Cassel. Theae tbrnmtions occasionally contain 
the remains of Palms, and Professor Lindley has 
lately recognized, among some s{>eciineos found 
by Mr. Horner in the Brown-coal near Bonn 
(See Ann. Phil. I,ond. SejU. V. 3. p. 2*i2), 
leaves closely allied to the C'innamomnm of our 
modern tropics, and to the Podocarpus of the 
southern hemisphere.* 


• At Bpar Bonn, six or Roven b«<U of Brown-ooik) 

uUertiatc with b<‘<ls of saiitly clay and |>lafitic clay. Tht* tree* io 
the Brown-coal arc not all paiulic) to the pluncx of the ntriiUt, 
but croK^t one anoibtT ifi all tlircclions, like the drifted tr<?cp now 
atciimulatad in the alluvia! plaini, and Delta of the MiMifUiip|H; 
(»eo l.yeir# Gcoio;;>% :tfxl edit. ?ol i. p. ‘272.) «omo of them 
are occasionally iorcctl t veil into a v<srUcal jxisiUou. Iti one 
vertical tree at Tut /her};, which waft three yarcU in diameter, 
M. rath counted concentric riniys. In theie ring« we 

have a chronomtUcr, which r^fttera the lapse of nearly eight 
cenluric*, In that early [Hirtion of the Tertiary period which gave 
birUi to the forests, that supplied nmteriale for the formation of 
the Brown-coal, 

The fact nieiuioriid by Faujas that neither rooU, branchen, or 
kavee are found attac hefl to the trutika of trees in the Lignite at 
Bruhl and Liblar near Cologne, ftec'iiis to idiow that these trees 
did nut grow on the spot, and that their more perishable parts 
have been lost during their transport from a distance. 

In the Bfpwu-coal Formation near Bonn, and also with the 
Sartarbiand of Iceland^ are found Beds that divide into Lamtnm 
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In the^Molaaee if^Sviawriand, there are many 
similar deposits affording sometimes Coal of c<m- 
'siderable |)nrity, formed during the second, or 
Miocene period of this series, and usually con- 
taining fresh water shells. Such are the Li|- 
nites of Vernier near Geneva, of Paudex and 
hfoudon near Lausanne, of St. Saphorin near 
Vevay, of Kaepfnach near Horgen on the lake of 
Zurich, and of (Eningen near Constance. 

The Brown-coal at CEningeu forms thin beds 
of little importance for fuel, but very perfect 
remains of vegetables are disjnsrsed in great 
abundance through the marly slates and lime- 
stone quarries which are worked there, and afford 
" the most perfect history of the vegetation of the 
Miocene Period, which has yet come within our 
reach.* 


M thin as paper (Pajmr Kokh) and arc com|>osed entirely of a 
congertea of many kinds of leaves. Henderson mentions the 
leavea of two species of Poplar, resembling: the P. Ireinula and P* 
balsamifera, and a Fine, resembling the abies as occur- 

rtog in tlie Surturbrand of Iceland. 

Although we have followed Mr. Brongninrt in referring the dc- 
pOiita here enumerated to the first, ot JKoctue period of the 
Tortiary aerieaiit is not improbable ihui sttme of them may fje the 
pcoduchi t^f a later era, in the Mitwcur or Pliocene periods, 
Fiutura observations on the JSjH.cic8 of their animal and vege-f 
table remains will decide the exact plat e of lacli, in the grand 
Series of tbs T«niary formations. 

** 1 have recently been favoured by Pn^fessor Braun of Carls* 
rube» iHib Ibe following important and hitherto wnpubltsbed 
catalogue, and observations on the fossti plants in the 
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No distinct cai 
PliocenA, or mo^ recent , 
series, have yet been published 



Fftthwater formation of CEningen, which has been 
spoken of in our account of fossil fishes. The plants enume* 
rated in this catalogue, were collected during a long series of 
years by the inmates of a monastei 7 near GSningen, on the 
dissolution of which they were removed to their present place in 
the Museum of Carlsnihc. It appears by this catalogue tliat 
the plants of (Entngen afibid examples of thirty-six species be- 
longing to twenty-five genera of the following families. 


'* Families. (ienera. 


Genera. Spet'ies. 

Poly pod iaceaj 

2 

-n 


Equisitaccie 

1 

1 VCryptogamia,total 4 4 

Lycopodiacem 

1 

ij 


Conifertr 

o 

2 tlymnospermi® 

2 2 


1 

2 

^ 1 Moucotyledons 

3 :j 

.Tiigiandcic 

I 

O 


Ebenace® 

1 

I 


Tiliace® 

1 

1 


Acerineir 

I 

/i Dicotyledons 

Ifi 

Rhamnem 

1 



IjeguminosiT 

o 

2 


DicolyhMiions of 




doubtful fumilies 

4 

4 



This table sh<*ws the great preponderance of Dicotyledonotis 
plants ill the Flora of (]*atingen, am! affords a standard of com- 
parison with those of the Brown-coal of other loatlilies in the 
Tertiary series. The greater number of the species found here oor- 
respond with those in the Brown-eoal of the Wetteraw and vi- 
diiity of Bonn. 

Amid Biie predominance of dicotyledonoits vegetaldea» not a 
sii^^ Herlapoeottf plant has yet been found exeepcii^ some ffag* 
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FOSSIL PALMS. 


Fossil Palms. 

The discovery of the remains of Palm Trees 
in the Brown-coal of Germany has been already 

mcntnof Ferns anci Grasses, and many rc'inains of aquatic plants : 
all the rest beloii|^ to Dicotyledonous, and Gympospermous 
ligneous plants. 

Among these remains are many single leaves, apparently 
dropiicd in the natural course of vegetation ; .there are also 
branches with leaves on them, such as may liavc been torn from 
trees by stormy weather ; rij)e seefl vessels ; and the |x.rsistent 
('ulix of many blossoms. 

The greater part of the fossil plants at Ouungen (about two 
thirds) belong to Genera which still grow in tliat neighbourhood ; 
but their 8{»ecics differ, and correspuiul more nearly with those 
now living in North America, than with any r,nro|)eau species, 
the fossil Poplars afford an exaniph- of this kind. 

On the other hand, there aie some (iencra, which do not exist 
in the present Flora of (iermany, e. g. thc(iciins Diospyros; and 
others not in that of Europe, e. g. rax(»dium, liquidambar, 
.luglans, GlediUchia. 

Judging from the proportions in which their remains occur, 
► Poplars, Willows, and Maples were the pre«b>miuating foiiaceous 
trees in the former Flora of (Eaingcn. Of two very abundant 
fossil specieSyOne, (Populuslatior.) resembles the modern Canada 
Poplar; the other, (Popul us ovabs) resembles the Balsam Poplar 
of North America, 

The determination of the s|>et'ies of fossil Willows is more dif^ 
6cuU. One of these (Balix angusiifolia) may have resembled 
our present Saltx vitninulis. 

Of the genus Acer, one species may he compared with Acer 
campestre, another with Acer pseudoplatunus ; but the most fre» 
quent species, (Acer protensum,) appi^ars to correspond tnosl 
nearly with the Acer dasycarpon of North America ; to another 
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noticed ; and the frequent occurrence of 

similar remains of this interesting family, in the 
Tertiary formations of France, Switzerland, and 

.H|»ecies, rtlattnl to Acer ne^ui»*io* Mr. Brami the tiatue of 

Acor trifoliatum. A fuJisil of Utjuulaiulwr (1.. iMiropt'UH*, 

Brutm.'l ditlVr# from llic living sl\ rat*iUmin» of Ame- 

rica, in haviit:: tlic narro'uT lol»isofil> leaf term in iilcU l>y longiM’ 
pfiiiits, and liic former repreaent alive of lliin j^enns in T»u- 
rt>fa\ The fruit of tiiis 1 jt|iiit)amh.u' i?* preservetl, ami also thai 
of iw'o ttpecies of Acer and one Saliv. 

The fossil I.itulcn Tiee of (Kiiin^t n rv semhietl our imxioiii large 
leaved Limlen tree <Tili:i 'yrramliHota ) 

The fossil VAxn re>eiiihled a small h avetl form of V’lmus cam- 

Of tvvo ji|»e<Mes of .Indians, out' (.1. falcifolia) may he compar<*il 
with the Aim riean J. iii^^a ; the tilher, with *K Alltu, and, like 
it, prohahly hthmiittl to the tlivisiim of iiuta with bursting ex- 
ternal shcdls, i<\irya Nuttah) 

Among the .seareer plants at (KiiiiigeiJ, i# a s|a^cicx of Dios> 
pyroR ( 1). br.te}jvst*p.ila. 1 A rmnatkahle calyx of this plant is 
preserved and >li(*vvs in its ecnlru, the place where the fruit w?- 
parated iUelf ; it h di^imguished from the living Diospyros lotus 
of the South of TtirojK' hs bhmtcr and shorter secUouf. 

Among the 1 on’'| 1 shruhn an‘ two species of Hhiimnus; one of 
these (FI. inultinenis, Ihauii) reijcmbies the FI. nlpintis, in Um 
('ostatioii of its leaf, d'he second and most fieipient apccies, (U. 
icnninults, Fhaun) may with regard to the posilion and coatation 
of its leaves, he eomp-ue<i in some degree with U. cAtlmrlicus, 
hut differed from all living '»peeicft in Fiaving its flowers plat^&d 
at the tips of the plant. 

• Among the fossil l>‘goniinoiis plants i.s a leaf more like that of 
a fruiiooiie Cytisu.s than of any heihaeeoua Trefoil. 

Of a Glediuchia, (fi. pr^tfocarpa, Braun) there are foaail pin- 
nated leaves and many |»odH ; the latter seem, like the G. inonai- 
perma of North America, to have been single seeded, and are 
small and abort, with a long stalk cuntiaetinglln' base of the potl. 

With fhoie iiMinerous sp. eiesi of fobaceous are found alw 

G. I. r 
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England, whilst they are comparatively rare in 
Strata of the Secondary and Transition series, 

a few ftpfxics of Coiiifem*. One species of Abies is still umle- 
termiried ; branches and small cones of another tree of this 
family (Taxodium europeum Ad. Brong.) resemble the Cypress 
of Japan (Taxodium Japonieum.) 

Among the remains of u^ualie plants are a narrow-leaved Po- 
tarnogcUm; and an Isoetcs» similar to tlie I. laeiistris now found 
in small lakes of the Black Forest, but not in the Li^ke of Coi»- 
stancc. 

The existence of (Irasses at the period wluii this formatum was 
deposited, is sliewii by a well preserved impression of a leaf, si- 
milar to that of aTritieurn, turnintr to the right, and on which 
the eostation is plainly expressed. 

Fragments of fossil Ferns occur here, having a resenddance to 
Pteris aquilina and .Aspidiutn Fdix mas. 

The remains of Ef|uisetu in indicate a species lesemblmg K. pa- 
lustrc. 

Among the few undetermined rcMnains are tlic tive-cleft and 
beautiful veined impressions of the CuIn \ of a blossom, which are 
by no means rare at (Fningen, 

No remains of any Uosacem have yet bet n tb>eovered at Uiis 
place/’ Lrtterfrom Prof. Braun to Dr. Bucklatol, Nov.2/), \83/>. 

In addition to these fossil Plants, tin* stiata at Clmingeii con- 
tain many species of freshwater Shells, and a remarkable collec- 
tion of fossil Fishes, which we have before mentioned, P. 285, In 
the family of Reptiles they present a very curious Tortoise, and 
a gigantic aquatic Salamander, more than three feet long, the 
ifomo Dilumi testis of Scheut'hyer. A Lagomys and fossil 
Fox have also l>een found here. (See Cleul. Trans. I/md. N. S. 
vol. iii. p. 287. 

In Oct. 1835, 1 saw in the .Museum at Leyden, a living Sala- 
mander tlimi fm long, the first ever brought alive to Europe, 
of a siiCY'teft nearly allied to the fossil Salamander of (Eningen. 
This animal was brought by Dr. Siebold from a lake within 
the crater of an extinct volcano, on a high mountain in Japan. 
It fed greedily on small fishes, and frequently cast ^ efndermis. 
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^uggesta tlie propriety of consigning to ibis part 
of our subject the few observations ao havi^' to 
make on tlieir history. 

The existing family of Pahiis^ is supiiosed to 
consist of nearly a thoiisaiid specie's, of wliicli Uie 
greater number are limited to jHM'uliar regions of 
the torrid Zone. If we look to the geological 
history of this-i large and beautiful fuiuily^ we 
shall find that altlioiigb it was calk'd into ex- 
istence, together with tiu* * * § most curly vegetable 
forms of the Transition period, it presents very 
few specie’s in the' ( end formation, (Se.‘e laiidleyV 
Foss. I'lora, No. W , V\. M“i, V, Hn*],) ando<*curs 
sparingly in the* Secemelary series ; j but in the 
Tertiary feirmation we have abundant stems and 
lijaves, and fruits, derived from Palms. { 


Fossil Trunks of Palm Trees* 

The fossil ste ins of i’tilins are referriblc to iimny 
sjiecies; they oe'e ur iH^autifully silicified in the 
Tertiary de{>e>sits of Hungary, and in the Falcaire 
Grossier of l^aris.§ Trunks of Palms are found 


* See IM. 1, V\^n. <)f?, ei7, <»H. 

t See Spreuj^»r» Arrount of KmJogeiiiieii m New 

red satiditone, near (’hemnit/. (Halle, 1828.) ami Den- 

droiitheii, (Dresden ami 18.32, FM. ix, x.) 

t Eight fpeeie# in the family of Palros areffiven in Ad. Brofig- 
niart*» lift of the fotatls of the Tertiary Senes, 

§ Our %ure, PI. 64, Fij?. 2, repreftenu the summit of a beta.- 
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aifio in the Fresh water formation of Mont 
Martre.ll— It i» stated, that at Liblar, near Co- 
logne, they have been seen in a vertkfU posi-^ 
tion.lT Beautifully silicihed stems of Palm Trees 
abound in Antigua, and in India, and on the 
bf^a of the Irawadi, in the kingdom of Ava. 

It is not surprising to find the remains of Palms 
in warm latitudes where plants of this family are 
now indigenous, as in Antigua. or India; but 
their occurrence in the Tertiary formations of 
Europe, associated with the remains of Croco- 
diles and Tortoises, and with marine shells, nearly 
allied to forms whicli area! present found in seas 

tiful fosHil Trunk in th(‘ Mus(Mim at Paris, allied to the family of 
Palms, and nearly four feet in eir(ninifererice, from ilie lower 
region of tlio (’aloaire Grossicr at Vaillrt near Soissons. M, 
Brongniart has applied to tl.is fo^sil the name of Em/ogenites 
echinutuK, The pr<\)ectiie^ hodies that surround it, like the 
foliage of a Corinthian Capital, are the persistent portions of 
fallen Petioles which remain adhering to the stem after the leaves 
themselves have fallen oft'. They have a ihlated base embracing 
one*fourth or oue-third of the stem; the form of these bases, and 
the dis{)Osition of their woody tissue m faseit uH of fibres, refer * 
this fossil to some arboresoeut Monoeoi\li*donoiis Tree allied to 
Palms. 

{} Prostrate iriinks of Palm trees of eonsidoruble size are found 
in the argillaceous marl bi:d> above the (^vpsuni strata of the 
Paris Basin, together with slu lls of l.Nmnea and Phmorhis ; as 
these Trunks oeeiir here in fresh water deposits they can not 
have been drifted by marine curnuit fiom tlistanl regions, but 
were probably natives of Euroiv, and t>f France. 

If It is not shewn whelhtfr ihest? Palm trei s were driOed into 
this position, or are still standing in the spot whereon they grew 
like the Cycadites and Conifene in the Isle of Portland* 
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of B temperature, tieenis to indicate that 

the climate of Europe during the T«ltiBry period, 
was warmer than it is at present. 


Fittsti Palm leaves. 

¥ 

We have eleven known localities of fossil Palm 
leaves, in the Tertiary strata of France, Switzer- 
land, and the T\rol; and anionp: them at least 
three sptvit^s, of rtahelliforiii leaves, all differing 
not only from tliat of the Chuma roi^s humilis^ the 
only native palm of tin* South of Furope, but also 
from every kiumu hviiii? HjM»<’ieH.^ These leaves 
are too nell proer\e(l to have eiulunHl transport 
by water from a diMant region, and must appa- 
rently be refened to extinct speeie**, which, in 
the Tertiary period, wen* iiidig<uu)u.H in Ihiropo* 

No pinnated Paini leaf Ii«ih \v{ Ihx’Ii found in 
the Tertiary Strata, although the nuinlKT of these 
forms among exiMing palni.^, i» mon^ than double 
that of tin tlulu lliforiu leavi s. | 

“ Th<‘ I<*af r<prtH,nit<i in PI M li^ I ih tbdl uf a fhibiUu 
form Palm ( itii v PaiiMnoniH), tioui Uk of Aix in 

Pro\CDce; hiuul.ii l<av<s hast Imm n Umml ni ihn*i* other of 
France, near Amicus Maut», ami all iii Rtrata of the 

Tcrtiarjr e|wcl». Au<>thti vpwi**' (PalmanttH P«uiHicit»ift) haa 
been found m the t'ahaite (Fiothur, lu ar \\*r»ailh*t {f’ui'tcr ttitdl 
Brou^ntart., (rfOifHosn </f< tie Famr, PI, 8, lij;. I* K.) 

A tliird •(>ecKS ol Palm Irat (l*aliiiduu» llal>ellatu») occur# m 
the Moia#se of Smt/crland, near launaitne, and in the lagtiitc 
of Homng, ifi T)rul i>c< PI I tig# li o(» 

The Date, Co<oa-ii«it Palm, and an lariuliftt rxam- 
idea of Palm# hasiuj: |Muintf»d h tst » / PI j (>7 
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KOSSIL FBUlTS I^r PAfcfW. 

. . - '4 , •' 

Woml Fruits of Patsm. 

Many fossil fruits of the Tertiary period be- 
long to tlie family of Palms, all of which, accordr 
ing to M. Ad. Brongniart, seem derived from 
Genem that have pinnated leaves. Several such 
fruits occur in the Tertiary clay of the Island of 
Shepi^ey ; among which are the Date,* now pe- 
culiar to Africa and India ; the ( ocoa-nut,t 
which grows universally wdthiu tlu* tropics; the 
Bactris, which is liiniUd to America ; and the 
Arcca, whic^h is found only in Asia. Not one of 
these can be referrc'd to any ttabelliform palm. 
Fossil ('ocoa-nuts occur also at Brussels, and at 
Liblur near (\»logne, together with fruits of the 
Areca. 

Although ail these* fruits belong to Genera 
wliose loaves arc^ pinnated, no fossil pinnated 
Palm leaves (as we have just stated), have yet 
been found in Eurojic*. It sec'ins therefore most 
likely, from the mode* in which so large a number 
of miscellaneous fi lits art* crowded together iu 
tlie Isle of Shepj>ey. mixed w itli marine s}u*lls 
and fragments of timbe r, almeist always perfo- 
rated by Teredint's, that the* fruits iu epiestion 
were drifted by marine currents from a w armer 

* Sec Parkinson ‘s e)rg. Hem. Vol. i. PL VI. 4, 9. 

I See Parkinson's Org. Rem. VoL i. PI. V'lj. fig. ] — 5. 
M. Rmngniart says, these fruits arc undoubtedly of the Clenut 
la, pear to Cocos laptdea, of tm'rtnci. 
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cU^te than thht ^hieh Europe presented 
the commencement of the Tertiaigp^ Epoch 
the same manner as tropical see^ and logs of 
mahogany are nov drifted from the Golf^of 
Mexico to the Coasts of Norway and Ireland, 

Besides the fruits of Palms, the Isle ofShcppey 
presents an assemblage of many hundred species 
of other fruits,* most of them apparently tropical ; 
these could scarcely hare btrii ucTuinulaUxi, as 
they are, without a single leaf of the tree on 
which they grew, and have l)ecn associalctl with 
drifted timber l>on'<l by Tercilincs, by any other 
means than a sea current. 

We have no dcurisivc information as to the 
number of specic-s of these fossil fruits; they 
have been estiinat(Hl at from six to seven hun- 
dred. f In the same clay with them arc found 

• Aoc^in^ to M. A<1. lJr<m»^uiaii. nmuy of thestr* have near 
rclatiun loi the uroiuatii' fruits of tlu- Anuumim (cnrdofHom)^ they 
are trianu:«lar, much coinprc>scd, ami urn hi lie a ted at the summit, 
which prcscnls u small citcular ar^*olu, apparently the cicatrix of 
an adherent calyx; unhm are thrc<‘ valves* A slight furrow 
pa-HScs along the middle of trach plain surfare, simitar to that, on 
the fruit of many xcifftminrofis plants. These Slieppey fruiU, 
however, cannot he identitiec.1 with any known (ienus of that 
Family, but approacli ho nearly to it, that Ad. Hrongniart gives 
tiiem the name of Amomoearpum. 

f See Parkinson’s Organic Heinains, Vol, i. Pl.h, 7. Jacob’s 
Flora Favershaniensis. And Dr. Parsons, in Phil. Trans. Jxmd. 
1757, VoL 50, page dOd, PI. XV. X\’J. An immense collection 
of these fruits is preserved in the British MmM*um, another in the 
Museum at Canterbury, and a third in tliat of Mr. Bowerbank, 
in Loo^n. 
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great numbers of fossil Crustaceans, and also the 
remains of many fishes, and of Crocodiles, and 
aquatic Tortoises. 

As the drifted seeds that occur in Sheppcy 
seem to have been collected by the action of 
marine <’urrents, the lii'^lory of European vegeta- 
tion during th<» Tertiary period, must be sought 
for ill those other remains of plants, whose state 
and eircunistaiKcs show that they have grown 
at no great distance from th<‘ spot in \\hich they 
are now found.* 


(\ynrlHstoit. 

The following is a summarj of wliat is yet 
known, resjKcting (he ^ar^nlg idinlitions of thf' 
Flora of the tlin'c* greiit periiKls of (hdlogical 
history w(* lunc* het n <’on.si(h*ring. 

The most eharaeterislie distinctions between 
the vegetable remains of tln‘se periods are as 
follows. In tlu’ first period, tin' predominance 
of vascular ( 'ry|)togamie, and eum|)arative rarity 
of Dieotv ledonous plants. In the second, the ap- 
proximation to t'ipialit> of A asenlar ( ’r\ plogamic, 
and Dicot> ledonous plants. I in tin' third, Uie 
prcdouiiaauce of Dieol} Ic'donous, and rarity of 

• The heautiful ArnlHr, \xhioh is foun«l on the eiwtern shores 
of and on the Coasts of Frus'^ia and Sit d>, and which is 

supjKJsed to be fo!> 4 nl losin, is der»\ed tiom lieds of Lignite in 
Tatiary strata. riat;maUs» of fos*^d gum were found near Lon- 
don m digt:mg th* tun net through the London clay at f{igb|^e« 

t The d'l •ntvtedonous plants of the Transition and Secondary 
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Timciilar Cryptf^inic plants. Among existing 
vegetables almost two thiixis are Dj^otylcHloiioiis. 

The Heniains of 'Monoc'otyleclonotis l^Iunts ck> 
enr, tbongli sparingly, in each Peri<Kl of (ioolo* 
gical fonnations. 

The iininber of fossil plants as yet desrribed is 
al>ont tt\(‘ hundred ; luMirly thrive hundred of 
these art' from stnita of tlio Transition series ; 
and almost entin'ly from tin* ( oal ft>rmatiou. 
AI)out oiu‘ hundred are from Mralu i»f the Secon- 
dary series, ami more than a hundred from for- 
mations of the Tertiary'serii s Many additioiuil 
species liavc Ik ch collecte<l from t ach of thofc 
series, hut are not y<‘t iiaimd. 

As the known species of living vegetables art* 
more than tifty thousand, and tin* study of fossil 
botany is as yvt i)ut in its infam y, it is probable 
that a larixe amount of fo>sil spec ies lie s hid in 
the boW'els.of the < arth, whi< h the diseoveries of 
each passimj year will he c-ontinually bringing to 
Hght. 

The plants of th(‘ I’irst ju riod an* in a great 
measure c omposed of I Vrns, ami gigantic Kipii- 
setacea* ; and of familie s, of iutf*rmediale cdianir- 
ter between existing forms of Ly^*opodiacea^ and 
Conifene, e. g. Lepidodemlria*, JSigillaria*, and 
Stigmaria* ; with a fciw C onifene. 

Of plants of the Second period, about one third 

fonatlfons present only that pti'uliur tr»be of this class, which is 
m«de tip of Cycadete and Coniferap, vi?, f;ymno*pcrniuio Pha- 
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m^JPeruB ; and the* igriai^.p^S ^ the reiii^^|i^ 
dm are, Cyc^esa and Coniferaervith a feWMt^ 
aceae. More species of Cytiadese occur among 
the fossils of this period, than are found living on 
the present surface of the earth . They form more 
than one third of the total known fossil Flora of 
the Secondary formations ; whilst of our actual 
vegetation, Cycadea? are not one two-thousandth 
part. 

The vegetation of the Third period approxi- 
mated closely to that of the existing surface of 
the globe. 

^ Among living families of plants, Sea weeds, 
Ferns, Lycopodiaceie , Equiset aecac , ( .y cadea* 
and Conifera\ bear the rujarest relations to the 
earliest forms of vegetation that have existed upon 
our planet. 

Tlui family wliicli has most universally j>er- 
vadod ev(a*y stage of vegetation is that of Coni- 
fene ; increasing in the number and variety of its 
genera and species, at c^acdi successive ciiange in 
the c]imat<^ and condition of the surface of the 
earth. Tliis family forms about one three-hun- 
dredth part of tlie total number of existing vege- 
tables. 

Another family which has j>ervaded all the 
Series of fornialions, though in small proportions, 
Is that of Palms. 

The view we have taken, of the connexioiis be- 
tween the extinct and living systems of the v^e- 
tablc kingdom, su|>plie> an extensive fund^of 
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mmI liQrB opm a new and large 
*6f ^qiiiry« belli to the Physiologiiit* and to the 
Btudent in Physico^Tbeology. 

In the foesil Flora, we have not only the ex* 
idling fiindamental distinctious between Endoge* 
nous and Exogenous plants^ but we have also 
agreement in the details of structure, throughout 
numerous families, whicJi indicates the tniluence 
of the same Laws, that rcjjculate the development 
of the living mcnihers of the vegctahle kingdom. 

The remains of IVuclitication, also ; found oc*- 
casionally with the plants of all formations, shew 
still further, that the principles of vegetable Re- 
|iroduction have at all timers heen the same. 

The exquisite organizations which are disclosed 
by the microscojn*, in that whic h to the iiakeil 
eye is hut a log of Lignite, or a lump of Coah not 
only demonstrate ‘ tlu‘ adaptation of means to ends, 
hut the application also of similar me ans, to effect 
corresponding ends, llirongliout the several Crea- 
tions which have modiiied the c hanging fc»rins of 
vegetahh* life. 

Such combinations of rontrivancos, varying 
with the varied c-onditmns of the* c artlvnut only 
prove the c.'xistencc of a Designer from the c xist- 
eiice of method, and design ; but iVoiii the? (Jon- 
nexioii of parts, and Lnity of jiurpose, which 
per\^ade the entirety of one vast, and complex, 
but harmonious Whole, shew that One, and the 
same Mind gave origin and efficacy to tiiein all. 
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CHAPTER XIX. 

♦ 

Proofs of Design in the Dispositions of Strata 
of the Carboniferous Order. 

In reviewing the History and geological position 
of vegetables which have passed into the state of 
mineral coal, we have* seen that our grand supplies 
of fossil fuel ar(! derived almost exclusively from 
strata of tin* IVaiisition series. Examples of 
Coal in any of tlu* ^(‘coiulary strata arc few- and 
insignificant ; whilst the Lignites of tlie Tertiary 
formations, although tlH*v occasionally present 
small d(?posits of compact and ust ful fuel, exert 
no important inilneuce on the economical con- 
dition of mankind.* 

• noforr wo had ao<|uirod hy oxju’rinieut some extensive 
kiu>\vledi;c of the eontont-* of each m of formations which the 
Cieolo^i>t can leadily identify, tliere was no u priori reason to 
exju'ct the |ti<'sem e of coal iit any one SeriovS of strata rather 
than nnothei. imli'oeiimmate (xperimenls in seareh of coni, in 
Strata of every fonnation. \v«>re therefore desirable and projwjr, 
in an age when e\en the name of (leoh^^N was unknown; hut 
the continnaiu'c' nf Mu h lAiH-nmenls in ilistiiefs whic h are now 
ascertained to be composed of tlie non-eaibonife!ou> strata of 
the Seeondary and Tertiary Series, can no longer be jnstihed, 
ainee the accumulated exjieriencc of many years has proved, 
that it is only in those strata of the Transition Series which have 
been designated as the Carhoniftrous Ordei\ that productive 
Ckml mines on a large senie have csef lK*cn d!sc(.>vered. 
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It remains to consider some of the physical 
operations on the surface of the (Jlobc, to whicJi 
we owe the disposition of these precious Relics 
of a former world, in a state that alfords us ac- 
cess to inestimable Ifeasure of mineral ('oal. 

We have examined the nature of the aiieient 
ve^etabh's from whu'h Coal derives its origin, 
and sonje of tlu' proeesst^s throimh whieh they 
passed in their prouress towards their mineral 
state. Let us now r<‘view soim' fiirtfuT impor- 
tant geological phenomena of the (*arboniferous 
strata, and see how far tlu‘ utility arising from 
the actual coiulitioii (d‘ this pf)rtiou of the enist 
of the gl(»lK\ may alVord probable evidcaice that 
it is the n^snlt of I'oresighl and Design, 

It was not enough that ilu'sr vegetable re- 
mains should hav<' Im ( ii traus|ior(t d from iiteir 
natixp forests, aial buried at the bottom of an- 
eient lakes and estuaries and stas. and there 
converted into coal; it was further nece’ssary 
that gn at and (‘Xt(‘nsi\e changes of level should 
elevate, and convert into dry ami Imhitahle land, 
strata loade<l with riches, that would for ever 
have remained ustdeess, ha<l they <-outiuued en- 
tirely submerge d lumeath the inacc(‘ssibhM!epths, 
Mhereiii they were furme<l ; and it re<piircd the 
exercise of some of the most [mwerful iiiachinery 
in the Dynamics of the te rrestrial globe, to effec t 
the changes that were requisite to render these 
Eletn^nisof Art and Industry accessible to the 
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labour and ingenuity of man. Let us briefly ex- 
amine the results that have been accomplished. 

The place of the great Coal formation^ in rela- 
tion to the other series of strata, is shewn in our 
first section (PI. 1. Fig. 14.J| This ideal section 
^ represents an Example of dispositions which are 
repeated over various areas upon the cnist of 
the Globe. 

The surface of the Earth is found to be covered 
with a series of irr(;gular dt'prcssions or Basins, 
divided from one another, and sometimes wholly 
surrounded by ])rojecting j)ortions of subjacent 
strata, or by unstralitied crystalline rocks, which 
have been raised into hills and mountains, of 
various degrees of height, direction and conti- 
nuity. On (‘idler side' of these more elevated 
regions, tin* strata dip with inon* or less incli- 
nation, towards the lowe r spaces between* one 
iiionntuin raugt' and anotlHU’. (See PI. 1.) 

This disjiosiliuii in the form of Troughs or 
Basins, wdiieli is eommon to all formations, has 
b(H‘n more particularly demonstrated in the Oar- 
boiiifcrous Seri(‘s, (S(‘e PI. Fig. 2, 3.) be- 
cause the valuable nature of b(‘ds of ('oal often 
causes them to bew rought ihroughont their w hole 
extent. 


* The C oal Forumtitin is hrre ropresented as having partaken 
of the same clevatory muveim nts, which have raised the strata of 
all formations towards the mountain Ridges, that separate one 
basin from another basin. 
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One tiiglily beneficial result of Uie basin* 
sliaped dis|x>sitiou of the Carboniferous strata 
has been, lobring them all to the surface around 
the circiiinference of each and to render 

them accessible, sinking minces in ahiUKSt 
every part of their rc^spoctivc an^ns ; (St'i* Vh OTi. 
Figs* I, *2, An uiiinterrujaed iiiclinuiioii hi 
one diredion only, would have s<K)n plunged the 
lower strata to a dc‘|)th iiiaeeesKihle to man. 

The Basin of l>oudon, affords an ex- 

ample of a sinnlardisj>ositionof the Tertiary strata 
reposing on the ( luilk. The Basins of Farts, 
Vienna, and of Boluaiiia, afford other examph^s 
of the suinci kind. i^See FI. 1. Figs. *21 — 2H.) 

The Steondary and Transition strata of the 
central and North Western distriets of ICnglamh 
are marginal portions of the great geol(»gieal Basin 
of Northern Ihiroin/; and their eontiniiatioiis are 
found in the plains, and on the Hanks of mouie 
tain regions on the ( ontinent.* 

These general dispositions of all strata in the 


* The section (Pi. Fi^. the manni'r in which Uic 

Strata of the rraiiMlion Siiics arr contimnfl <lownwarU» between 
the Coal formation anil the ohltr iin'inbcrs of the firanwnrke 
formation, through a mtics of dejKisits, to which, Mr. Mnrclnsoii 
han recently assigned the name <»f the “ Stfurian 9\fUrm." This 
Silurian System I.S represented by No. 1 i, in our Section, Fig. 1. 
The rt'cent labours of Mr. Murclu»<in in the border counties of 
England and Wales have ably tilled up what has hitherto l>eeri a 
blank page, in the history of this portion of the va^t and import 
tant Systems of Hocks, included under the Transitioit series ; and 



*538 CAUSES PRODUCING BASINS. 

form of Troughs or Basins have resulted from two 
distinct systems of operations, in the economy of 
the terraqueous globe ; the first producing sedi- 
mentary deposits, (derived from the materials of 
older rocks, and from chemical precipitates,) on 
those lower spaces into w hich the detritus of an- 
oient elevated regions was transported by the 
force of wat(jr ; the second raising these strata 
from the snh-iKjueons regions in which they were 
(leposited, by fore<‘s analogous to those whose 
effecA we occasionally witness, in the tremendous 
movements of land, that form one of the pheno; 
mena of modern IvartlKpiakes. 


have »h«'wn us thr links v\hu'h ( utunM t ilu' ( 'arhonirenmK syslMii 
with the (ildt r Slaty r<H’ks. 'Pht' lari;** jnmf) DfiU posils to which 
ho has givrtj the appropiiatc nunic Siluriaft suatvfii, (as they 
iK'cupy nnicli of tlu* Ttriitorv of tin* aiinont Silmt's/) admits of 
a fonr-fold divi.sioii, which i> i*\pn*sM‘<l in iht* Ncrtkm PI. (iG. 
t'i^\ 1. This sirtion r* |m-*i'nls the rxact order of Rucccssion of 
thest* Siralvi in a distrii t, whn’h must henceforth heelassicin the 
Annals of ( i< (»lo!;'V. 

In September, is.i.'i, I foninl tlie ihn’C upj>ornn>Nt diviNioiusof 
tluN syhttMn, lar^< ly <levi iop*d in tin* same relative order of sue- 
eession on tin* south fiontier of the Ar<lemies, between the jxieat 
C'oal foimutUMi and llie (oauvun’ke. See Pro(T(‘<linj;s of the 
Meetnn; of tin* (lleolop;ieal Soeiety of Trane** ut Me/iercs and 
Namur, Sep. I8.’ir),( Hullrtm dt la Sorit tr GtoliHjupu' (Iv France, 
Tom. VII,) The same Mihtlivjsuin'jof the Silurian system, main- 
tain their relatue plaee and iniporttince o\er, a liUije extent of 
the monntainotis distriet of the Ijf«l. bet\ueu t!u* Ardennes and 
the Valley of the Rhine ; and are eoniinued Kast of the Khine 
through great part of the iltiehy rT Nassau. (Sec StiflTts Gebirgs- 
Karte, von dem lien, at hum- Nassau. Wiesbaden, 1831,) 
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I jum rdieired from the luwi^sity of ciitertiig 
jiato <letaib jresjH'ctiiig llie history of the 
Fields of our own country, hy the excellent 
suiiiuiary of what is known ii{Hni this inierf^tiiig 
subjt'ct, which has rtceully Imhmi ^iven in a jiidt* 
cioiiH and well sidt'iitHi antiiiynioiis ]nihli(‘tUion, 
entitled Y7a* Iltslon/ and oj 

/*W/, I hr (\diicf irs, ttnd (*oai Ttadr of (ireoi 
Jh'iliun, tsondoif^ 

Tiu^ most reinarkahh' act uiunlationH of this 
tin]K>rUiUi V4 getahle prodin tioii iii Miitclaiid nrv 
in the Wolverhaiiij»ton and Dudley ('f);d I'ield, 
(PI, <i5, Pijj;;. I, i where tlK‘n* is a IhmI oreoal, ten 
yards in thickness. Tla* Scotch foal held near 
Paishy presents ten beds, wliose unile«l thick- 
ness is oru* hundred leet. And the South Wedsh 
(Vial Basin PI. f»o, f^in*. ’ij <*outains, u(*ar Pouiy- 
pool, tweiity-thrt i- lads of coal, auiouiiting togc - 
tlier to ninety-three ha t. 

In many ( oid fields, tli(‘ oct iirnmce of ri<*h 
Ixals of iron on* in tin* strata of slaty < lay, that 
alternate* with the laals of eoal, has rentic red the 
adjacent districts nuiiarkable as the site of most 
iin{>ortant Iron fonndrii*s; and the.se localities, 
as we have before stated, (p. tio,) usually pre-m nl 
a further practical acivaiitage, in haviiiu iM neath 
the Coal ami i ron ore, a snhstratum of IJmeston(% 
that supplies the third material re«|uired as a 
flux to reduce this ore to a metallic state. 

Our sta tion, PI. bo. Fig. f illustrates the re- 

o. 
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suU of these geological conditiims in enrichibg 
an important district in the centre of faiglaod* 
near Birmingham, with a continuous succession 
of Coal mines, and Iron foundries. A similar 
result has followed from the same causes, on the 
north-east frontier of the enormous Coal basin of 
South Wales, in the well-known Iron foundries, 
near Pontypool and .Merthyr Tydfil,* (See PI. 
05, Pig. 2.) The beds of shale in the lower re- 

* In the Transactions of the Natural History Society of Nor- 
thumberland, Durham, and Newcastle, vol. i. p. 114, it is stated 
by Mr, Forster, that the quantity of iron annually manufactured 
in Wales is about 27(1,000 tons, of ubicb about three-fourths are 
made into bars, and one-fourth sold as pigs and castings. Tlie 
quantity of coal retpiired for its manufacture will be about 6vc 
tons and a half, for each ton of iron. The annual consumption 
of coals by the iron works will Ihcrefure Ik‘ al>out 1,500,000 tons. 
The quantity used in the smelting of cop|HTore imported from 
Cornwall, in the luamifacture of tin plate, forging of iron for 
various purposes, and for domestic uses, may be calculated at 
350,000 Ions, which maki s altogether the annual consumption 
of coal in Wales l,850,0(>0 tons. The (piautity of iron manu- 
factured in Great llritain in the year 1827 was 090,000 tons. 
The ppduction of this iinmeuse quantity was thus distribiitedi 
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Htafford shire 

. . 210,000 . 

95 

Shropshire . 

. . 78,000 . 

31 

S. Wales 

. . 272,000 . 

90 

N. Wales . 

. . 24.000 . 

12 

Yorkshire 

. . 43,000 . 

24 

Derbyshire . 

. . 20.500 . 

. 14 

Scotland . . 

. . 36,500 . 

. 18 


690,000 

284 
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gibin of this coal iidd are abimdantly loaded with 
nodules of argillaceous iron ore, and below these 
is a bed of millstone grit capable of enduring the 
fire, and used in constructing the furnaces ; still 
lower is the limestone necessary to produce the 
fusion of the ore. PI. Figs. I, *2. 

The great iron foundries of l)t*rbyslurt\ York- 
shire, and the South of Scotlaud, afibrd other ex- 
amples of the beneficial results of a siiuilar jiixta* 
fH>sitioii, of rieh argillaci‘oiis irf)n ore aiul coal. 

** The occiirreiici‘ of this most useful of metals,*' 
says Mr. ('oiiylM^are,*' “in immediate eoauexiou 
with the fiu'l rH|uisile for its reduction, and the 
limestone which facilitates that reduction, is an 
instance of arrangement so happily suited to the 
purjmses of luiman industry, that it <’an hardly 
be considered as recurring unnecessarily to final 
oaus^^s, if wo coiKoive that this distribution of 
the rude materials of llie, earlli was determined 
with a view to tin* i’oiiveiiience of its inhabi- 
tants.*’ 

Let us briefly consider Mhat is the effect of 
mineral fuel, on the actual condition of mankind. 
The mechanical |M)wer of coals is illustrated in a 
striking manner, in tlm following statement in 
Sir J. F. W. Herschel*s admirable Discourse on 
the study of Natimd Philosfiphy, 18.11, p. 58. 

It is w'cll known to modern engineers that 


Oeolog^^r of Enjfland ana Walftjt, p. 
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there is virtue in a bushel of coals, properly con- 
sumed, to raise seventy millions of pounds weight 
a foot high. This is actually the average effect of 
an engine at this moment working in Cornwall. 

The ascent of Mont Blanc from Chamouni 
is considered, and with justice, as the most toil- 
some feat that a strong man can execute in two 
days. The combustion of two pounds of coal 
would place him on the summit. " 

The [)owcr which man <lcrives from the use of 
mineral coal, may he estimated by the duty* 


* Thi* miinbcr ol* pounds raised, nnilliplied l)y the number 
of feet through whi«’h liiey are lifted, and divided by the number 
of bushels of coal (eueh weighing tighty-four pounds) burnt in 
raising them, gives what is termed the tiutj/ <»f a steam engine, ami 
is the criteiiou of its power. (See an important pajver on im- 
provements of tin* steam engine, by Davies (filbert, Esq. Phil. 
Tiaiis. 18.'U), p. 1 21.) 

It is stated by Mr. .1. Taylor, in his paper on the duty of steam 
CMigines, puhlislu'd in his valuable Hcvordn of Mimmjy 1 8*29, that 
the iKuvcr of the steam engine has within the. last few* years been 
so udvanctMl by a series of rapid improvements, that whereas, in 
early times, the iluty of an atmospheric engine was that of 
/5,000,(>00 pounds of water, lifted one foot high by a buslsel of 
coal, the duty of an engine lately erected at Wheal Towati in 
Cornwall, has amounted to 87,0()u,(t00 pounds; or, in other 
words, that a series of impmvements has enabled u» to extract 
as much power from one bushel, as originally could be done 
from seventeen bushels of coal. Thus, through the instntmen- 
tality of coal as applied in the steam engine, the power of man 
over matter has bt'cn increased seventeen fold since the first in- 
vention of these engines ; and increased nearly threefold within 
twenty years. 

Tlierc is now an engine at the mines called the Fowey Consols 
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dooie by a pound, or any other given weight of 
cba! consumed in working a steam engine ; since 
Uie quantity of water that the engine will raiso 
to a given lieight, or the number of <|uarters of 
corn that it will grind, or, in short, tlic amount 
of any other dcM'ription of a'ork that it will do, 
is proportionate to that duty. As the principal 
working of mineral veins emi only be continued 
by desi’eiiding deeper every year, the diiKeulty 
of extraeting metals is continually on the in- 
crease, and can only he ovcrcoiiH,' by those on- 

in ( Virnwall^ of v^hu li Mr. 'r,i\lor toiiiulciH ilic 
ittiikr ortliiiary firt umhiaiKt s. to U* .iIh»vc\H>,0(io, 000; atui wItu K 
has iKcn made to lift t»f wutt r tnu* foul lii^li, uiili 

um; bushel tif co.tt.s. 

The elftHi t of these itintroveiueiits on the oper.ilituis of 
in tiieir draiiue^^e, ha.s Ihm ii of inesiim.ihle imjH>rf;u«e(» 

ill exlractiiig mt lal,<* fioin th pths v\hn l» otherwise etiuhl neioi 
have Incti reacie d. Mito it wiueli hati been Hi't|t|H*d from wattl 
of jMiwer, have been ret»[M'iic«l,(»llief.t h.ive been inateiiHUy tleep^ 
cried, and a of ininer«tt irt anuK* ba.H In t n it'fidered avaib 
able, which wilhotii iIuih- t ii;^»ne5> muni have Urn f<tr ever inae- 
cessibie. 

It results from thest* rapid advaiiees in the application of 
coal lolho prorluetion of |K»wvr,aiKi conHet|uei»tiy of wealth, that 
mining ojK^ratious of vast imjiorlaiu'e, have U'eii eoiidneted in 
Cornwall at depths till lately without example, v. g. in Wlieal 
Abraliam, at ‘242 fatlioms, at Dolcoath at 235 fatlKuns, and in the 
Coiiflolidateci Mines in Gwetmap at 290 fathoms, the latU'f mines 
giving daily employment to no less than 2,500 iHTrsons. 

In the Consolidated Mines, the jHJwer of nine str ain engines, 
four of which are the largest ever inudc, having l ylinders ninety 
inchew in diameter, lifts frmn thirty to tiOy hogsheads of water 
per mfliute, (varying according to the ijcason) from an avera-/^- 
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Ittrged powers of draining which Coal, and^lHie 
i^eam engine, alone supply. It would be quite 
impossible to procure the fuel necessary for these 
engines, from any other source than mineral coal. 

The importance of Coal should be estimated, 
not only by the pecuniary value of the metals 
thus produced, but by their ftirther and more 
important value, when applied to the intinitely 
varied operations and productions of machinery 
and of the arts. 

It has been calculatod that in this country about 
15,000 steam engines are daily at work ; one of 
those in Cornwall is said to have the power of a 
thousand horses,* the power of each horse, ac- 
cording to Mr. Watt, being equal to that of five 
and a half intm ; supposing the average power of 
each steam engine to be that of twenty-five horses, 
we have a total amount of steam pow er equal to 
that of about two millions of men. When we ccMi- 


flepth of ‘230 fathoms. The prodiirc of these mine* has lately 
amounted to more than 20,0‘'U tons of ore per annum, yielding 
about '2 ,('00 tons of tine eopper, In'ing more than one scvenlh 
of the whole ipiantlly rai'4c*d in Uriluin. The levels or galleries 
in these mines extend in horizontal distance a length of about 43 
miles. (Sec J. Taylor's account of the depths of mines, third 
report of British .Association. 1H33, p. 428.) 

Mr. J. Taylor further states, (Lond. Kdin. Phil. Mag. Jan. 
1836, p, 67) that the steam engines now at work in draining the 
mines in Cornwall, arc equal in power to at least 44,000 horses, 
one sitUeenth part of a bushel of coals performing the work of a 
horse. 

* When Engineers s()eak of a 25 horse Engine, they makh One 
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ttMer, that a large proportion of this poiro' is ap- 
plied to move iiiacliiiier 3 % and that the amount of 
work now done by machinery in England» has 
been aupposed to be equivalent to that of between 
three and four hundred millions of men by direct 
Ial>otir» wc are ulniost astounded at the iutlueiice 
of Coal and Iron and Steam, ui>on the fate «md • 
fortunes of the human race. ** It is on the ri- 
vers/' (says Mr. Wel>sttT,) “ and the boaUiiaii 
may repose on his oars ; it is in high ways, and 
begins to exert itself along the ('ourses of land 
conveyaiicijs ; it is at the hoitoni of mines, a 
thousand ihe might liiive said, nM)0) ftjet below 
the earth# surface ; it is in t!)e mill, and in the 
workshops of the trades. It rows, it pumps, it 
excavates, it carrh s, it draws, it lifts, it hammers, 
it spins, it weaves, it prints. 

We need no further evidence* to shew that the 
presence of coal is, in an esj>eriiil degree, the 

which would do ihi work of that iiuiidxT of horncn amstuntly 
acting, but that the same* horncn rould work only 8 

liours in every *24, tluTt* nitnl lie 7,9 liorm si kt |»i at It iwil to jinxiucu 
the etfect of su<‘h an Ku^inc. 

,,, Ttic lajrgot Engine in Cornwall may, if worked to the full cx- 
tent, be equal to from a to 3.90 horse jKiwcr, and would ihcrt - 

fore require 1000 horses to be kept toprwluce the name constant 
effect. In this way it has lieen said that an Engine was of 1000 
hone power, but this is not according to the usual computation, 
LeHer from J. Taylor, fiV/. to Dr, Buthlami, 

* As there is no teproduction of (i'oal in this country, since no 
natural causes are tiow in operation to form other beds of it ; 
whilst, owing to the regular increase of our population, and the 
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foundaitoti of increasing population, riches, aM 
power, anti of improvement in almost every Art 
which administers to the necessities and com- 
forts of Mankind. And, however remote may 

new purposeR to which the Rleam cnj^inc is continually applied, 

. its consumption is iwlvancing at a rapidly accelerating rate; it is of 
most portentous interest to a nation, that has so large a [)ortion of 
its inhabitants dependent for existence on machinery, kept in ac** 
tion only by tlie use of eoal, to economi/e this precious fuel. 1 
cannot, therefore, conclude this interesting subject without making 
some remarks upon a practice which can only he viewed in the light 
of a national calamity, demanding the attention of the legislature. 

We have, during many years w'itnt'sscd the disgracc*ful and 
almost incredible fact, that more than a million chaldrons j>cr 
annum, being nearly one third part (d the best coals produced 
by the mines near Newcastle, have Ihm ii comlemned to wanton 
waste, on a tieiy liiMp perpetually blu/.ing near the mouth of 
almost every coal pit in that district. 

This destruction originat<*d mainly in ciTtain legislative enact- 
ments, pujviding that ('oal in London should Ik* sold, and tlic 
iluly upon it be rated, by mcttsurr, and not by weight. The 
smaller C%»al is broken, the go'ati r the space it tills ; it lx*eame, 
• therefore, the intert'st of e\ery dealer in C'oul> to buy it of as large 
a si/e, and to sell it of .is sinnll a si/e as be was able. This com- 
pelled the Tioprietors tif tin* ( oal-miiies to send the large Coal 
only to market, anrl to eousjjfu the small ('ovd to destruction. 

in tin* year IK.’IO, the attention <»f Uarliaincnl w^as called to 
these cmIs ; ainl pursuant to the Hejsirt of a ('oimnilNt?, the duly 
cm Coal was repealed, ami Coal directed to be sold by weight 
instead o( mfasurr. The eH'eef t>f this c*hange has been, that a 
C'tnisidernhie quantity cd* Coal is now shtp(H^l for the l.^>ndr>n 
Market, in the stale in whieh it ixmics from the pit; that after 
landing the carge, the* small eoal is separated by skreening from 
the rest, and answers as fuel for various ordinary ptirjMJSCs, as 
well as much c»f the <\ial wikicli was stdd^n Lundoo before the 
^ alteration of the law. 
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‘ ’ 

Mire been tlie periods, at wliich thc^ materials of 
ftiture benelicial dispensations were laid up in 
store, u'e may fairly assume, that, besides the 
immediate puqtoses effi^cted at, or before the time 


The destruction of ('oals on tin* fiery heaps near Newcastle, 
although diininishtxli still goes on, however, to a frightful extent, 
that ought not to be perniitted ; since the inevitable consiHpicnce 
of this pnw'tice, if allowed to continue, must l>e, in no long space 
of lime, to c'onsurar all the beds nearest to the surface, and 
readiest of access to the const; and thus enhance the price of 
Coal in those parts of Ivtiglund which cic|X‘nd ujMm the Coal- 
field of Newcastle for their supply ; ami finally t‘» exhaust this 
C-oal-ficld, at a furriud, nearer by at least one third, than that to 
which it would last, if wisely ecoiminizcd, t^’C Uc|M»rt of the 
Select Commillec of tlie IIoiihc of Cuimnons, on tin* state of 
the CoaJ Trade, pagf ‘Jlv.’, and llakeacirs lutnMluction 

to Gcfilogy, 18 dd, jKige IH't and odd.) 

VV c art* all fully aware of the itiipobcy of needless legislative 
intcrfereoce ; but a broad line has b< eii drawnbv nature betwixMi 
cuiTiinodities annually or |K'iKKiuMll\ reproduced liy the Soil on 
its surface, and that subteitaneati treasure, ami sustaining fouiuia- 
lion of Indu.stry, which is hud by Nature in strata ofiiiitK ral (‘out, 
whose amount is iiiniti d, and wha h, when once exh.uistt d, is gone 
forever. As the Uiw most justly interferes to prevt nt the wanton 
destruction f»f life and pr«|»erty, it should seem also to be its 
duty to prevent .ill needless waste t»f inineial fuel; since the ex- 
liaubtion of this fuel would irreeo\eralily paraly/e lli" imlimfry 
<>f iniliions. 'fhe 'IVmuit of the soil may neglect, or cultivate his 
lands, and disjx>fx* of his proiluee, as l apriee or inteiest may 
dictate; the surface of his fields is not consuimd, hut leuiaiits 
susceptible of tillage by his successor ; had he the physical 
power to aoiiihtlaU; the lAod, and thcr<tby iuHict an irfciriediable 
injury ufion posterity, the legislature would juslly interfere to 
prevent such destriictfon of the future resources of the nation. 
This highly favoiiM Country, has been enriched wiili mineral 
trmures in her strata of Coal, incomparably more precious than 
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• '0 

of their deposition in the strata of the £arth| ah 
ulterior prospective view to' the future uses of 
Man, formed part of the design, with which they 
were, ages ago, disposed in a manner so admi- 
rably adapted to the benefit of the Human Race. 

mines of silver or of gold. From these sustaining sources of 
industry and wealth let us help ourselves abundantly, and liberally 
enjoy these precious gifts of the Creator; but let us not abuse 
them, or by wilful neglect and wanton waste, destroy the found- 
ations of the Industry of future Generations. 

Might not an easy remedy for this evil be found in a legis- 
lative enactment, that all ('oals from the Ports of Nortliuml>er- 
land and Durham, shoiild be shipped in the state in which they 
come from tlie Pit, and forbidding by high ficnalties the 
screening of any Sea-borne Coals before they leave tlie Port at 
which they arc embarked. A I^aw of this kind would at once 
terminate that ruinous competition among the Coaf owners, 
which has yrged them to vie witli eueh other in the wasteful 
destruction of small Coal, in order to increase the Profits of 
the Coal Merchants, and gratify the preference for large Coals 
on the part of rich consuim‘rs ; and would also atford the Public 
a supply of Coals of every price and (piality, which the use of 
the screen would enable him to accommodate to the demands of 
the various Classes of the Community. 

A farther consulerntion of national Policy should prompt us to 
consider, how far the duty of supfxirting our commercial inte- 
rests, and of husbanding the resources of posterity should jH'r- 
mit us to allow any extensive ex];>ortation of Coal, from a densely 
peopled manufacturing country like our own ; a large proportion 
of whose present wealth is foiinderl on machinery, which can be 
kept in action only by the produce of our native Coal Mines, 
and whose prosperity can never sundve the period of their ex- 
haustion. 
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. Pvmfs of' in the Effiris of DLsiurhing 

Forces on the Strata of the Earth* 

In the proofs of the a^teiiry of a wise, atid 
jx)werful, anti benevolent (>eator» which Wf‘ 
have derived from tlu‘ Animal and Vt'getable 
kingdoms, tlie evidence has rt‘sled chiefly on 
the prevalence of Athiptatious and ( outrivunces, 
and of Mechanismsndapted to the prodnetion of 
certain ends, throughout tlu* organic rt^iuains of 
a former world. 

An argument of another kind may be founded 
on the Order, Symmetry, and C onstancy, of the 
C'rj^sUillim* forms of the unorganized Mineral 
ingredients of the Earth, But in considering 
the great geological phenomena which apjwar 
ill the dis]K>sitioii of the strata, and tin ir various 
accidents, a third kind of evidence arises from 
conditions of the earth, which are the result of 
disturbing forces^ that appear to a cc.Ttairi degree 
to have acted at random and fortuitou.sly. 

Elevations and subsidences, inclinations and 
contortions, fractures and dislocations, arc phe- 
nomena, w hi<4i» although at first sight they pre* 
sent only the appearance of disorder and con- 



*' ** Notwithstanding the ap|»earanccs of irregularity and con- 
fusion in the formation of the crust of our globe, which arc 
presented to the eye in the contemplation of its external features, 
Geologists have been able in numerous instances to detect, in 
the arrangement and position of its stratitied masses, distinct 
approximations to geometrical laws. In the phenomena of anti- 
clinal lines, faults, fissures, mineral veins, cVrc. such laws are 
<‘asily reeogni/cd.” Hopkiifs Researches in Physical Geology . 
TratiH. Cambridge Phil. So{\ v. (i. part 1. I8:h'>. 

“ Jt scarcely admits of a ihmbt,” says the author of an able 
article in tlie'Quarteily Ucview', (Sept. 1H2<), p. “ that the 

agents employed in t tfecting this ino-'t perfect and sy>teniatic 
arrangoinent have been cnrtfu/ua/irs^ operating with diflTereiit 
tlegr^'cs of viole.nce, and *it various intervals of time, during a 
lapse of ages, 'fhe older that now reigns has resulted therefore, 
frmn causes whieh have generally been considered as capable 
only of defueiug and devastating the earth’s .surface, but which 
we thus Hud strong gnniiuls for suspecting were, in the primeval 
stale of the globe, and perhaps still are, iiistruini iiLBl in its (H^r- 
[)Ctual renovation. Tlie etfects of these subterranean forces 
prove that they are governcnl by general laws, and that these 
law's have bi'cn (\»neeivcd by ronsuminate wisdom and fore- 
thought.” 

“ Sources of apparent derangciiienl in the system appear, when 
their o|>crution throughout u scries of ages is brought into one 
view, to have produced a great pre|K)ndcranc« of gootl, and to lx* 
governed by fixed general laws, conducive, perhaps essentia), to 
•tie habitable state of the globe,” Ibid. p. 531>. 
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mt fourth and fifth ebaptm; and 
lionp PL Ip illustrates Uieir benefic^ial dfect, in 
elevating and converting into habitable L^dSp 
strata of various kinds that were formed at the 
bottom of the ancient Waters; and in diversi- 
fying the surfaces of these lauds with Mountains, 
Plains, and Valleys, of various productive quali- 
ties, and variously adapted to the habitation of 
Man, and the inferior tribes of terrestrial animals. 

In our last Cliapter we considered fht‘ advan- 
tages of the disposition of llu^ rarbonifemus 
strata in the form of Tlasins. It reuiaius to ex- 
amine the furtluT advantages that arise? from 
other disturbances of these strata by Faults or 
Fractuirs, which are of great importance in fa<’i- 
litating the operations of (oal mines; and to 
extend our iiujuiry into the more* general effect 
of similar DLsIocalions of other strata, in jiro- 
diicing convenient receptacles for many valqable 
Metallic ores, and in regulating the supplies of 
Water from the interior of tlie earth, tlirotigh 
the medium of Springs. 

I have elsewhere obsi'rved’*' that the occur- 
rence of FuhILs, and the Inclhml pmitian in 
which the strata composing tlie C oal measures 
arc usually laid out, are facts of (h<^ higliest 
importance, as cotincctc?d with the accessibility 
of their mineral contents. From theJr incliiml 


Insagural lecture, Oxford, 1819, 
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pmtion^ the thin strata of Coal are worked with 
greater facility than if they had been horizontal ; 
but as this inclination has a tendency to plunge 
their lower extremities to a depth that would 
be inaccessible, a series of Faults, or Traps, is 
interposed, by which the component portions of 
the same formation are arranged in a series of 
successive tables, or stages, rising one behind 
another, and elevated continually upwards to- 
wards the surface, from their lowest points of 
depression. (See PI. (15. Fig. 3. and PI. (Ml. 
Fig. 2.) A similar eftect is often produced by 
Vndnlaliom or contortions of the strata, which 
give the unittMl advantage of inclined position 
and of keeping thcin m*ar the surface. The 
BaMH-shaped structure w’hich so frecjuently oc- 
curs in coal Holds, has a t(‘ndc*ncy to produce 
the same Ix^neticial conseciuences. (See PI. (15. 
1. 2. 3.) 

But a still more important benefit results from 
the o('.currence of Faults or Fraeiures,* without 
wdiich the contents of many deep and rich mines 

* “ Mr. Conybean*, “ con^it of S^nrei tra- 

the strata, extciulio}; often for several miles, and pooe- 
truting; to a <leplh, in \cry few instunets aseertainod ; they are 
accompanied by a subsidence of the strata on one side of tbeir 
line, or (which amounts to the sione thlog) an elevation of them 
on the other ; so that it appears, that the some force which has 
rent tlie nn^ks thus asunder, has caused one side of the fractured 
mass to rise, or the other to sink. — Tim fissures are usually filled 
hy clay.*' Otofo^ o/ En^fiawi end Wah$t b P* 
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would have been iuacce^ible. (See PI. 65* Fig.. 
3. and PI. CW. Fig. 2.) J^ad the strata of Shale 
and Grit, that alternute with the Coal, been con* 
tiniiously unitt^d without fracture, the quantity of 
water that would have |>enetrated from the aur* 
roundiug country, into any considemble excava- 
tions that might be made in the porous grit beds, 
would have overcome all j)ower of machinery 
that could profitably be appliiHl to tlie dminoge 
of a mine ; whereas by tlic siinph* arrangement 
of a system of Fanlis, the water is admitted only 
in such quantities as are within eontn)l. Thus 
the component strata of a (a>al field are divided 
into insulated masses, or sln^ets of rock, of irre- 
gular form and area, not onc^ of which is conti- 
nuous ill the same plane over any very large 
district ; but each is usually 8<q)arated from its 
next adjacent mass, by a dam of clay, iin|)cne- 
trable to Muter, and tilling tlic lissure produced 
by the fnwture M.hich caused tin? Fault. (Hex; 
PI. (i<>. Fig. 2. and J^l. I. Figs. 7.) 

If we suppose a thick sheet of Ice to be broken 
into fragments of irregular area, and these fnig- 
ments again uniteil, after receiving a slight de- 
gree of irregular inclination to the plane of the 
original sheet, the reunited fragments of ice will 
represent the appearance of the component por- 
tions of the broken masses, or sheets of Coal 
measures we are describing. The intervening 
portions of mote recent Ice, by which they are 
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held together, represent the clay and rubbish 
that fill the Faults, and form the partition walls 
that insulate these adjacent portions of strata, 
which were originally formed, like the sheet of 
Ice, in one continuous plane. Thus, each sheet 
or inclined table of Coal measures, is inclosed by 
a system of more or less vertical walls of broken 
clay, derived from its argillaceous shale beds, at 
the moment in which the Fracture and Disloca- 
tion took place ; and hence have resulted those 
joints and separations, which, though they oc- 
casionally interrupt at inconvenient iK)sitions, 
and cut off suddenly tin; progress of the collier, 
and often shutter those portioiis of the strata that 
are in iiiiinediatc; contact with tlu*in, yet are in the 
main his greatest safeguard, and are indeed es- 
scaitial to liis operations.'*' 

These same I'aults also, whilst they prevent 
the Water from flowing in excessive quantities in 


“ If a of coal (says Mr. nudillc) abounding; in water, 
was not intersected with slip Dykes, the working of it might be 
impracticabh', as tbe \shole bo<ly of water which it might contain 
would flow nnlnteiTuptcdly into any o|H ning which might be 
made into it; these Faults inK'rale as(\)fler Dams, and sefiarate 
the held of coni into districts.” — Lt tier from Mr, John Buddie^ 
an eminent Kntfinenr ami experienerfl (\}al Vieu'fr at Xcw* 
vastlfy to Prof Bneklumiy Nor. '•(), IS.” I, 

In working u Coal Fit, the Miiu'r studiously avoids ci>mmg 
near a Fault, knowing that if he should penetrate this natural 
barrier, tho Water from the other side will often burst in, and 
inundate the works he is conducting ou the <lry side ot it, 

A shutt was begun aliout the year 1 at Ciosforlh, near New* 
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situations^ where it would he detrimental, ac^ at 
the same lime of the greatest service, in con- 
verting it to purposes of utility, by creating on 
the surface a series of Springs along (he line of 
Fault, which often give iwlice of the Fracture that 
has taken place beneath. This important effect 
of Faults oil the htfdt unite niachiuerj of tli(' globe 
extends through **tratitie(l ro( ks of (‘\t‘ry for- 
iimtion. (See PI. do. Fig. ‘i It is aKo pro- 
bable that most of the Spiings, ilnu iv-.u(‘ from 
iinstratifie<l ro(k»', art ke pt in attion through the 
instrumentality of lh(‘ F.inlls hj which th(‘> are 
inters(»cte(l. 

A similar inttarnption oi rontinui(\ in th(* 
masses of Priinar\ locks, and in the locks of 
intermediaU* age* between tlicsc and tin* (oal 
formation, is found to occur c \leu‘-n( 1\ iu the' 
wwkiiig of iiietallie m iiis. \ \ i in ih (»f(i u c at off 
suddenly by a Fault, oi frac tare , c ro'^siug it irans- 


on tl»( wtt sitl# of llu *'0 ftihofu fKki, ami ua<» so 
inumlat<<) with waU^rthat it u i?. M>on loiinci on t «r\ to ahandon 
It Another shaft waHtlxti U .;uii on ihi div sid< of the d)kt% 
only a few >aii)s fiom t1 1 fooiui and to thi^ t)M\ d<4(<itfiid 
murly 200 fathoms wilhout an> ifO|Mdinnnt ftont w itcr 

ArtiBciai damt^ au made to <od mirus u> f>or> 

form the office of the natural hamtrH wIikIi l))kcs and CaultH 
supply. A dam of l)n» kind was lattly inadi m ai ^Iao<htM4r, 
by Mr. HuUon, to rut off water that df^Mod. d from llu iipjxr 
reglOti of porous strata, which dipped towards hih t xcasntioo* la 
s lower rcg;K)n of the same strata, the <ontininl\ of which was 
thus arttfinalH intrrru{>icd. 

O. 


\ \ 
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vendy, and its once continuous porUons are 
thrown to a considerable distance from each 
other. This line of fracture is usually marked 
by a wall of clay, formed probably by the abra- 
sion of the rocks whose adjacent portions have 
he&a thus dislocated. , Such faults are known in 
the mines of Cornwall by the term flucan, and 
they often produce a similar advantage to those 
that traverse the Coal measures, in guarding the 
miner from inundation, by a series of natural 
dams traversing the rocks in various directions, 
and intercepting ail communication between that 
mass in which he is conducting his operations,, 
and the adjacent masses on the other side of the 
fluckan or dam.* 

It may be added also, that the Faults in a Coal 
field, by interrupting the continuity of tlie beds 
of coal, and causing their truncated edges to abut 
against those of uninflammable strata of shale or 

♦ My object is rather to suggest whetlier the arrangement 
of veins, tSre. docs not argue design and a probable. couneOtion 
with other phenomena of our Globe. 

** Metallirerous veins, and those of quartz, Sic, appear to be 
cbanuclt for the circulation of the subterraneous water and 
vapour; and the innumerable clay veins, or “ dtican courses** 
(as they are termed in Cornwall), which intersect them, and are 
often found contained in them, being generally impervious to 
water, prevent their draining the surface of the higher grounds 
as they otherwise would, and also facilitate the working of minsi 
to a much greater depth than would be practicable without 
theitt.** Jt. W, For an the Mintt »f CamwaH^ PkiL 
1830, p. 404. . \ 
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grit, affi>rd a preservative against the favilfes m 
accidental Fire beyond the area of that 5A 
which it may take its beginning ; but for 'iich 
a provision, entire Coal fields might be occasion- 
ally burnt out and destroyed. 

It is impossible to contemplate a disposition of 
things, so well adapted to afford the materials 
essential to supply the first wants, and to keep 
alive the industry of the Inhabitants of our 
earth ; and entirely to attribute such a disposition 
to the blipd operation of Fortuitous causes. Al- 
though indeed it be dangerous hastily to have 
recourse to Futn! cnu8i>s, yet since in many 
branches of physical knowledge, (more especi- 
ally in those which relate to organized matter,) 
the end of many a contrivance is better under- 
stood, than the eoiitrivanee itself, it would surely 
be as unphilosophical to hc’sitate at the admission 
of final Causes, when the general tenor and evi- 
dence of the Phenomena naturally suggest them, ' 
as it would be to introduce them gratuitously 
unsupported by such evidence. We may surely 
therefore feel ourselves authorized to view, in 
die Geological arrangements above described, a 
system of wise and benevoient Contrivances, pros- 
pectively subsidiary to the wants and ecanforts 
of the future inhabitants of the globe ; and ex- 
tending <Hiwards, from its first Formation, through 
tlie subsequent Revolutions and Convulsions that 
have affected the surface of our Planet. 
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Chapter XXL 

Advantageotifi Effect of Eisinrhing Forces in 
giving Origin to Mineral Veins* 

A further result attending the Disturbances of 
the surface of the Earth has been, to produce 
Rents or Fissures in the Rocks which have been 
subjected to these violent movements, and to 
convert them into receptach s of metallic ores/ 
accessible by the labours of man. The greater 
part of metalliferous veins originated in (uionnoos 
cracks and crevices, penetrating irregularly and 
obliquely downwards to an unknown depth, and 
resembling the rents and chasms which are pro- 
duced by modern liartlniuakes. The general 
disposition of mineral veins within these narrow 
fiasnrc‘s, m ill be In'st understood by reference to 
our first Section. (PI. 1. Figs, k 1. — k 24.) The 
narrow lines w hich puss obliquely from the lover 
to tlie upper iM>rtion of this Section, represeol 
the manner in which Roc^ks of various ages are 
intersected by fissures, which Iiave l>ecome the 
Receptacles of rich Treasures of Metallic 
These fissures are more or less filled with vari* 
ous forms of metalliferous and earthy minerals, 

♦ Sec PI. 1. Fig», k l .—A ^>4, and PI. 67. Fig. 3. 
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depoMted'in successive, and often txin^ponding 
layers on each side of the vein. ^ 

Metallic Veins are of most frequent occunpend® 
in rocks of the Primary and Transition series, 
particularly in those lower portions of stratified 
rocks which are nearest to imstratified crystal- 
line rocks. They are ^ rare occurrence in 
Secondary formations, and still more so in Ter- 
tiary strata.* 

M, Dufrtnoy has rocontlv shtwii iliai iho mines of Hu ina- 
tito ami Spat Inc mm in the Lastotn P>rtiiceM, wbitli mcur in 
Ltmevtoius ol Uiiec rthuibU scviiall^ u» tlic Tiansition 

to tlu Lias, anti !ht Ch ilk aic all situated iii parts, 
t^heie the\c Limt stout •* are in tn ir couf irf with the ftranite; 
and he considers that the> ha\t all most prohal)l> hetn filled by 
the sublimation of iiinaral mdttt.i into (avitics ot the InnesUmeM, 
at, oi soon aftei llu trine ot tin I itvation ot tlu (uainU of tins 
pntofthe Pyrenees Iht imiuk! <»t this lUvition was iMwtciior 
to tlu. dejK>sit of the Chalk ttuimtion, anti ante nor to that o( 
the Ttrtidrj Strata Thest Iniustotua hii\t all lacoine < rys- 
talliiu ulnre llu \ an in (Oiitad with tin (tiiiott , and tlu Iron 
Is in sonu plat t >> inivtd with ( npp« r p\iitts, nid Arpentift roiw 
jfdtna (\h inoire sui It PoKitum dts Mmihdt ] cr dc la Parin 
orientale dts P) rentes, IH it ) 

According to the rctcut obstr^ Hums of Mi. C Oarwin, the 
GraniU. ol tin < onidicia** ot ( hili (ni ir tlu Ps^MllHta Pas<*i) 
which forms juaks of a height piobibK of I 1,000 feet, has lK*eii 
ftmd in the Tertiary pcriwl, and Tertiary strata which haci 
been nudered cryatalliiu by lU heat, and arc trawnud by dykeii 
from the granitic iiuiss, arc now iiu lined at high angle a, and 
form regular, and coiiiphcatid antu linal lines 'I iu si iiuiu secli' 
mentar} strata, and also la\as arc there tr4\crsed h) very nn 
tncroas true metallic veins of iron, copper, arsenu , sdicr, and 
gold, and these can be traced to the underlying granite. (Lond 
and Ediu. Phil Mag. N S. Vol ft, p I Oft i 
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ah becmidaaMyiitlmhlh'mkffy,* 
<1lMnd‘ di^tmiaaMS tbtaaglk tiun sutolan^ of 
llddift. ‘The# Tki i» BcMO^tiBies^feuiid cyase- 
iHMted tlklVAgh GnaAw, &nii'€o|^f timngii 
tttfAitoons tlote at th^ base irf <tlie UatUt, 
^at Maasibld, &c. 

^ '^nia tttOM aumehx^S and rich of the metallic 
il^ins In ComwnU, and in many ether auning 
districts, are fotind near the junction of the 
Granite with the incumbent Slates. These vary 
in Width from less than an inch to thirty feet 
and upwards ; but the prevailing widths both of 
Tin and Copper Veins in that county, is from 
one to three feet ; and in these narrower veins, 
‘die Ore is less intermixt with othw substances, 

' and more advantageously wrought.* * 

' Several hypotheses have been - {Mroposed to 

* An excelient iilustmtioa of the manner in which metailic 
veins ere dis|)o«ed in Uie Rocks which form their matrix, may 
be found in Mr. R. Thomas's geological Report, accompauied 
by « Map and Sections of the mining dwtrict near Redruth. 
Ibis map romprehends the most interesting spot of ail the 
mining districts in Com wail, and exhibits in a small compass the 
most important phenomena ol metallic veins, slides,, and cross 
omireeft« aH of them penetrating to an unknown depth, and con- 
tlliutag ufikitemiptedly through Hocks of various agect In PK 
' I 17 v Fig* I have selected from this work a seetkm, which ex- 
Idbtti 111 unusnaity deiue accumulation of veins producing Tin* 
Coppcf, «nd iced. 

' '' iludh highly vahiable information on tSiese suljeGis may 
Hmvtly be expecsed foom the <icOlogicai Sum^.dl Cmmwfdly 
Sfo# in pibgtuBs by Mr. De la Beche, tmdnr the appomtami of 
' the Boa^ of Ordnance* . f 
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cftplaiai tl^ maimer in wiiicli tb4^,^iiuNtiM^ ia 
solid rocks have become fiVed 
0re% ahd with earthy niiuerals, ofteOrT^f 
rent nature from the rocks qontaiaii^ 

Werner supposed that veius were supplied ^ 
matter descending into them from aboye» 4 n a 
state of aqueous solution f whilst Hutton^ an^ 
followers^ imagined that their contents wore in* 
jected from bdow, in a state of igneous fusion* 
A third hypothesis has been recently proposedt 
which refers the filling of veins to a process of 
Sublimation from subjacent masses of intensely 
heated mineral mattery into apertures and fissures 
of the superincumbent lloc^ks.^ A fourth hypo* 
thesis considers veins to have, been slowly filled 
by Segregation^ or infiltration ; sometimes into 
contemporaneous cracks and cavities^ formed 

• In the London and Edin. Phil. Mag. March, 1829, p. 172, 
Mr. Patterton haa published the result of his eaperitiienU in 
making aniiicial Lead Ore (Gtdena) in an Earthen tube, highly 
heated in the middle* AOer causing tlie steam of water to pass over 
a quantity of Galena, placed in tlie hottest portion of this tube, t^e 
water was decomposed, and all the Galena had been sublimed frQiu 
the heated pdH, and deposited again in colder parts of the tuber in 
cubes which exactly resembled the original Ore. No pme bmd 
was formed. From this deposition of Oalena, in a higlily crys- 
talline form, from its vapour in contact with steam, he draws lha 
impertmit coaelunon, that Galena might, in some insiances, here 
be^ supplied to mineral veins by sublimation from below. . , 

' Br. Daubeny has Ibund by a recent experitnetii that if steam 
%e passed througli heated Boraeic Acid, it takes up and caitica 
; tkkmgmUkM mpoitina of tlie Acid, Whidi /wr se does 
lime. This experhmt iilustratest^subltiiiataon ofBmmck Acid 

vokaiuc! eratm.'W' ^ 
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dodug the ooDtractl<m and conBolidali«^ dT'lhe 
dvil^iially «oft snbBtances of the rocks theaMdireB ; 
end more frequently into fissures i»odiiced by 
the fracture and dislocation of the solid strata. 
Segregation of this kind may have taken place 
from electro-chemical agency, continued during 
long periods of time.* 

Hic total quantity of all metals known to 
exist near the surface of the Earth (except* 
ing Iron,) being comparatively small, and their 
value to mankind being of the highest order, 
as the main instruments by the aid of which he 
emerges from the savage state, it was of the 
utmost importance, that they should be disposed 
in a manner that would render them accessible 
by his industry ; and this object is admirably 
attained through the machinery of metallic veins. 

* The observatious of Mi. Fox on the electro-magnetic pro- 
pertiiea of metalliferous \eins in Cornwall, (Phil. Trans. I830,&c.) 
secip to throw new light upon this obscure and difficult subject. 
And the expciimcnts of M. Becqnerel on the art|iicial production 
of crystallised insoluble compounds of Copper^ Lead, IJme, See, 
hj the slow and long continued reaction and transportation of 
the elements of soluble com{)ounds, (see Becquefel, Traite de 
rjE{lcctri|Cit4, T* i. c. 7, page 547, 1834,) appear to explain many 
changes that may have taken place under tlie inHu^ce 
^ of electrical currents in the interior of the earth, and more 
eilpoctally in Veins. 

I hnve been favoured by Professor Wheatstone with the fol- 
lowing brief explanation of the experiments here quoted. 

. *A<^'hen two bodtet« oqe of whif^ is liquid, react very feebly 
on ehch other, the presenoa of a thud body, which Is eitb^m 
conductor of i^trictty, or in which ccquiitiy actioii snppliei die 
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iHid ki^^sutitictoftf uwtato'^MlMedlliis^^ 
dot Books of ^ farmatkmsi (hey iiugh(><hayo 
beba Bo>XMMi3 to vegetation | had stnaU^giU^* 
titkis <bhen disseminated through the 
die they vould never have repmd die eoit 
of separation from the matrix. These iuconveiur 
dices are obviated by the actual ammgemeot, 
under which these rare substances ture occasion- 
ally cdlected together in the natural Mugaaines 
afforded by metallic veins. 

In my Inaugural l^ecture ((>age lt2) 1 have 
spoken of tiic evidences of design and benevoleut 
contrivance, which are apparent in the original 
formation und disinisitiun of the re{)osilories of 
minerals ; in the relutivi^ quuutitii's in wliieh they 
nro distributed ; in the provisions tiiat are made 
to render tlteiii iiccessible, at a certuin cxpencc 


, place of cuiuluctiliility, a patli to tlir ilcflri<’ity rriulting 
from llui c1iciiii< al action, und a voltaic t iirrent in formed which 
server lo augment the energy of tlic chemical action of the two 
bodies. In ordinary clu uiical actions, combinatiomt lire effected 
by the direct reaction of botiics on cai h oilier, by uliich all ihcir 
constituenU simultaneously concur to the general effec^t; blit in 
the mode considered by llecrjutTel the bodies in the nascent 
state, and excessively fi t ble forces, arc em|»loyed, by which the 
molecules are proilticcxl, as it were, one liy one, and are disclosed 
to assume regular forms, even when tficy ar«* insoluble, because 
the number of the molecules cannot occasion any disturbance in 
their arrangement. By the application of these* principles, that 
is, by tbe long-continued action of very feeble electrical cwrifcitts, 
|his author has shewn that many crystaHi/ed bodies, tiitherlo 
*fottnd only in nature, may be aiti^ially ob 
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of faanuti dull and industry, and at the mne 
time secure fnHn wanton destruction, and from 
uatoral decay ; in the more general dispersitm of 
tiiose metals which are mort important, and the 
comparativdy rare occurrence of others which 
are less so; and still further in affording the 
means whereby their compound ores may be re- 
duced to a state of purity.* 

The argument, however, which arises from 
the utility of these dispositions, does not depend 
on the establishment of any one or more of 
die explanations proposed to account for them. 
Whatever may have lieen the means whereby 


* I owe to my friend Mr. John Taylor the sup^g^cstion of ano- 
ther argument, urising from the phenomena of mincB, which de- 
rives much vuliio from lx*mg a rt'suit of the long exptirience of a 
practical man of science. 

** Tlierc is one argument/* says Mr. Taylor, ** which has always 
struck me with ('onsiderable force, as proving wise and beneficent 
desigOi to be drawn from lire position of the metals. I should 
say that they are so placed as to be out of the reach of immediate 
and improvident exhaustion, exercising the utmost ingenuity of 
man, first to discover them, then to devise means of conquering 
the difficulties tiy which the pursuit of them is surrounded. 

** Hence a continueil supply through successive ages, and Wnce 
motives to industry and to the exercise of mental facuiltes, from 
which our greatest happiness is derived. The metals might have 
been so placed as to have been all easily taken away, causing a 
glut in tome periods and a deartli in others, and they mt|^t have 
been accessible without tlmught, or ingenuity. 

** As they are, there ap(>ears to me to Ik that accordance with 
the |>erfect arrangements of an alfwtse Creator, which it is so 
beautiful to observe and to contemplale.** 
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mineral veins were charged -with their predons 
contents; whether Segregation, or Sublimation, 
wexe the exclusive method by which the ‘metals 
were accumulated ; or, whether each of the sup* ** 
posdl causes may have operated simultaneously 
or consecutively in their production ; the exis- 
tence of these veins remains a fact of the highest 
importance to the human race : and although the 
Disturbances, and other processes in which they 
originated, may have taken place at periods long 
antecedent to the creation of our species, we may 
reasonably infer, that a provision for the comfort 
and convenience of the lust, and most perfect 
creatures He was about to place u})on its surface, 
was in the providential contemplation of the 
Creator, in his primary disposal of the physical 
forces, which have causc*d some of the earliest, 
and most violent f^erturbations of the globe.* 


• That part of the History of. Metals which relates to their 
various Properties and Uses, and their especial Adaptation to the 
Phyaicat condition of Man, has been so ably and amply illtis- 
trated by two of my Associates in this Series of Treatises, Uiat I 
have more satisfaction in referring my readers to the Chapters of 
Dr. Kidd and Dr. Prout u{>on these subjects than in attempting 
myself to follow the history of the productions of metallic veins, 
b^ood the sources from which they are derived within the body 
of the Earth* 

A sunmiary of the all-important Uses of Metals to Mankind 
IS thus briefly given, by one of our earliest and most original wri- 
tm on Pbysico-theology. 

** As Ibr Metals, they are so many ways useful to mankind, 
and those Uses so well known to all, that it would be lost labour 
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Chapteu XXII. 

Aduplalions of the Earth to afford supplies of 
miter through the medium of Springs. 

As the presence of water is essential both to 
animal and vegetable existence, the adjustment 
of the Earth's surface to supply this necessary 
fluid, in due proportion to the demand, affords 
one of the many proofs of Design, which arise out 
of the inv(*stigation of its actual condition, and of 
its relations to the organized beings which are 
placed upon it. 

* 

tu »ay ttnythinj^ of them : wiUiout the use of these we couhi have 
notluug of eulturc or ei\iliiy: no TiUuj;e or Agriculture; no 
Uea}>ing or Mowing ; no Ploughing or Digging ; no Pruning or 
liOping; no CJrufting or Insitioii ; no ineehaiiical Arts or Trades; 
no VesseU or Utensils of Ilousehold-stuif ; no convenient Houses 
or iMiitices ; no Shipping or Nuxigation. What a kind of bar- 
barous un<l sordid life w'c must necessarily have lived, the In- 
dians in the Northern part of Anierieii are a c:lcai demonstration. 
Only it is remarkable that those which are of most frequent and 
necessary use, as iron, Brass and txad, are the most common 
and plentiful : others that arc more rare, may better be spared, 
yet ate they thereby qualified to ht; made tlie common measure 
and standard of the value of all other conmuKtities, and so to 
scr%*e for Coin or Money, to whmh use they have l*een employed 
by all civil Nations in all Ages.*’ Ray's Wisdom of God in the 
Grcatioti. Ft. i. 5th ed. 1709, p. !10. 
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Nearly three fourths of the Earth being co- 
vered with Sea, w hilst the remaining dry land 
is in need of continual supplies of water, for the 
sustenance of the animal and vegetable king- 
doms, the processes by which these supplies are 
rendered available for such important purposes, 
form no inconsiderable part of the beautiful and 
connected mechanisms of the terraqueous Globe. 

The great Instrument of communication be- 
tween the surface of the Sea, and that of tltc 
Land, is the Atmosjdierc, by means of which a 
perpetual supply of fresh wat(;r is derived from 
an Ocean of salt watei:, through tlie simple pro- 
cess of evaporation. 

By this process, water is incessantly ascending 
in the state of Vapour, and again descemling in 
the form of Dew and Rain. 

Of the water thus supplied to the surface of 
the land, a small portion only returns to the Sea 
directly in seasona ofjhwfi through (he channelH 
of Rivers 

A second portion is re-al>sorl>C’<I into t lie Atmos- , 
pliere by Evaporalion ; 

A third iK)rtiou enters into the composition of 
Animal and Vegetable bodies; 

^ It » fftated by M. Arago. that one third only of tlie water 
which falls in rain, within the basin of the Seine, flows by tljat 
rtrer into the sea; the remaiiung two thirds either returii into 
the atmosphere by evaporation, or go to the sup{>oriof vegetable 
and animal life, or And their way into the sea by subterraneous 
passages. Annnaiiw, pour I’An 1835. 
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A finuth portion descends into the strata, and 
is accumulated in their interstices into subte^- 
neous sheets and reservoirs of water, from which 
it is discharged gradually at the surface in the 
form of. perennial Springs, that form the oreHnaty 
stipply of Rivers. , 

As soon as Springs issue from the Earth, their 
waters commence their return towards the Sea ; 
rills unite into streamlets, which, by iiirther ac- 
cumulation form rivulets and rivers, and at length 
terminate in estuaries, where they mix again with 
their parent ocean. Here they remain, bearing 
part in all its various functions, until they are 
again cvn]>orated into the Atmosphere, to pass 
and repass Ui rough the same C'ycles of perpetual 
circulation. 

The adaptations of the Atmosphere to this 
important service in the economy of the Globe 
belong not to the province of the geologist. Our 
task is limited to the consideration of the me- 
chanical arrangements in the solM materials of 
the Eartli, by means of which they co-operate 
with the Atmosphere, in administering to the 
circulatioii of the most important of ail fluids. 

There are two circumstances in the condition 
of the strata, which exert a material influence 
in collecting subterraneous stores of water, from 
which constant sup{die8 fure r^uhtriy giving forth 
in the form of springs ; the first consists in the 
AUemation of porous beds of sgnd and stoni.. 
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with strata of day that ate impermeable by 
wa|^;* the second circumstance is the JDisloea- 
tioH of these strata, resulting iiem Fractures and 
Faults. 

The simplest condition under which water is 
collected within tlie Eartli, is in superAcial beds 
of Qraveb which rest on a sub-stnitum of any 
kind of Clay. The Rain that falls upon a bed of 
gravel sinks down through the interstices of the 
gravel, and charges its lowest region with a sub- 
terraneous sheet of watcT, which is easily pene- 
trated by wells, that seldom fail except in seasons 
of extreme drought. The accumulations of this 
water are relieved by Springs, overflowing from 
the lower margin of each bed of gravel. 

A similar result takes jdace in almost all 
kinds of permeable strata, which liavc beneath 
them a bed of clay, or of any other iiuperineable 
material. The Rain water descends and accu- 
mulates in the lower region of each porous 
stratum next .above the clay, and overflows in the 
same mann^ by perennial springs. Hence the 
numerous alternations of porous lieds with beds 
impenetrable to water, that occur throughout the 
entire series of stratified rOcks, produce ctlbcts 
of the highest consequence in the hydraulic con- 
dition of the Eiarth, and maintain an universal 
system <rf' natural Reserioira, ffom which watm* 
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iticc^aiiOy id the £^m*oflipTidg«, tMt 
carcy with tliein fertilily i^iito die ‘ adjacent 
leya. (See PI* 07, %* l, S*) ?i / 

The diacliargea of water from these reservoirs 
are much facilitated, and increased in number, 
by the occurn nee of Faulis or Fractures that in- 
teisect the strata/ *h 

There are two systems of Springs which have 
their origin in Faults, llio one supplied by water 
descetid^Hf^ from the higher regions of strata ad- 
jacent to a fault, by winch it is simply intercepted 
in ilb descent, and diverted to the surface in the 
form of perennial sjmiigs; (see PI. 07, fig. I, H.) 
Uie other rnaiiitaiucd bj water mceadiHUf from 
below’ by Hydrostatic* pressures (as in Artesian 
Wells,) and derived from strata, wdiich at tluir 
contact with the fault, are ofte n at a great depth ; 

• Mr To\iUHt ml, in hin C h iptoi on Spunks, states, that there 
arc w\ <li«tifi(t in tlu mi|:!:hU)uihood of Bath, 

^hich laaue liuiu is in my iigulur btrata of Bubteirancous 
formed hy filtntiun through (ithei sand or poroub rocks, ami 
placed each upon its suhjiciut lud of clay.** From theses one 
system of Sptin^is is produce d In ovcrflowinc: in the direction 
towfirdi Mhuh the Miata arc inclined, or have thttr dtp * whilst 
apaUier systfiin osultb fiotn the dislocation of tlie strata, and 
breaks out latcrall) thiougbi^ihe fracturo hy ahith ilicy are in- 
tersected. 

It is staled b) Mr. liopkms, (Phil. Maj^. Aug 1834, p. 131), 
that all the gn^alspniigsin Hie Lmie«stone i)l^trtet of Derbyshire 
are found lu, conjunctioi^ tilth |reat Faults^ i do not reail|!c:t 
(says he) a single exceptbn loMi rule, for 1 belie\e in evary ip- 
Whet^ f obsen^^ ir^pdmd^kl spring, I had mdepen^eni 1 



BtsB or wAnm by HvosonrATin WMMnmi. iUt 

m t 

th* water i« omidaeted to <|»ia diqtdl eHli# by 
peKoIatioD through pores aod creviees, oi by 
small subterraneous channels in these etrat|^iWlli 
more vlcvatcil distant regions, whence it dMirndf, 
until its progress is arrested by the Fault. (See 
PI. 07. Fig. 2, d, and PI. 6i». I'ig. 2, H. L.) 

Besides the advantages that arise to the wlude 
of the Animal Creation, from these dispositions 
in the structure of the Earth, wlierehy mtulrttl 
si^plies of Water are multiplied almost to infinity 
over its surface, a further rewill, of vast and pe» 
culiar iinportanee to Man. consists in the facili> 
ties which are afiordi'd him of procuring artifieM 
wells, throughout those parts of the world which 
are best adapted for liumnii habitation. 

The Causes of the rise of water in ordinary 
artifieial wells, are the siinie that regiilalo its 
discharge from the iiutuial tiperlitreH which give 
origin to springs ; and as Ixith tiit'M* ellerts will 
be most intelligibly <‘\empbtied, bj a eonsidem* 
tion of the causes of the renmrkabti* ascent of 
water to the surface, and often ubo>c' the surface,^ 
in those peculiar pcrfuratioiiM which arc* called 
Artesian Wells, our attention may here be pro* 
fitably directed to their hi^oiy. 


WfU*. 


The name of Aitesian 
e^Uy flowing arUfiolfi 


ells is applied to per* 
Stains, obtained liy 


, 

II small twoagli ^tmta ihaC are im 
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lilutc of water, into lower strata loaded watli sub* 
terraneous sheets of this important iluid, which 
ascends hy hyilrostatic pressure, tlirough pipes 
let down to conduct it to the surface. The name 
is derived from Artois (the ancient Artesium,) 
where the practice; of nuikiiej: such wells has for 
a long tiiiu; exUiisivcly prt' vailed.’^ 

* Tlir manner <‘1* aefion oj' an Artr'iian We ll is tx]»lhin(‘d by 
the S(!ch<ui IM. ()!>. Im*::. .'K cojind (nan iM. Ilerif.-art de 'rhury^’s 
rc[>ri‘StMitalion of a di)iib!c I’oiiniam at Si. Om-n, whitdv brings 
u|i watni, bon) tuo w atcr-lkarinu siiala a! M;nt It vcls below 
tli(' siniiue. In \\\i< rlonble fountain, the a^'etinling forces f>f 
tin* watei in tlie two stiata A and l> are diflirent; the aater 
fioni tilt lowest htiatnm li iimii^ to the higlu*st level /» ; that 
from the ujiper stiatnni A ii'^ing onU lt> u. 'I’in; watir from 
lK)th Ntl .tta is tiinx laooiihi to tlu s.iil iet by one l»ore Hole td 
sntHeieiit si/e to eontaiu a tionble })i)»e, \\/. a ^mailer pi|v* in- 
eftnii'il within a larger t»in', with an inltrsal bet w ten them for 
the passatj;*' (if watei; thti", the sm.diit pijn; // hringt) up the 
wale) of the lower stiatain lb to tin* hie.iiest h \i'l of the fountain 
//' . whilst the latut'r pipe o biniL'N n{> the water fiom stratum A 
to the lower level ti : lititli the^e stieatns aif employed to supply 
the (’-anal-basin at St. Omn, almvt* lht‘ levtl of the Seine. 
Shuidd the. lowt i stiatum 1) l•ontam puie wuti r, and that in the 
nppi i vti.itnin A bf tainted, llie puif water rtii^ht by this nppa- 
l.itus be lnon;;hf to the .•'inf.ue llnmigh tin* impure, withonl 
contact or containmution. 

In eotnmon ri)se> of Arli ‘sian v\« lU, where a single pipe alone 
is msed, if the UunUv:: ptaielrates a b;il eoiitammg impure water; 
it is eonlinued ihepri until it ariois at anothei .'tiatum eonlain- 
inST pim! water; the fsdlom of the pipi hemg plunged into this 
piitv water, it aseends wiUmi if. and is roiwlueti.d to the surface 
through whitle.wi impuiiiies m.iy t \i>t m the snpeiior strata. 
The impure water, thomgh which the buituu nuiy pass in its de-** 
»ecnt, being excluded by the piijo fiom mixing with the pure 
water ascending from below. 



AurrsiAN 


663 


Artefsifin Wdls arc most avnilablo, nml of the 
preatej^t use, in low and level districts where 
water cannot be obtained from supi‘rli<‘ial springs, 
or l)y ordinary mcUs of inod<‘rali' depth. Fottn- 

tains of this kind are known by the name 6f Hiow 

*• ^ 

?ri//s, on the Eastern c oast of Lincolnshire, in the 
low district covered by clay betwecai tlie Wolds 
of ( balk near Louth, and thi‘ St a shore. These 
districts we re without any springs, until it was 
discovered that by lH)ring through this clay to the 
subjacent Chalk, a fountain might he obtained, 
wliich wouhl il(n\ incessantly to the lieight of 
sc'vcral feet above (he snrfa<‘e. 

In tlu‘ King's wt II at Shre rnc ss sunk in I7in 
through the London clay, into sandy >trala, ot* th<‘ 
IMastie clay f<»rmation, to the depth of tVM) fec't, 
the* water rushed u[> violently from (li(‘ bottom, 
and rose within eight f(‘<‘l of the siirra<’e. (*SVc 
/V///. yVajts, l7tU.) In lluj years IU2U aiid ttcit) 
two more pcadeet Artesian wells were sunk nearly 
to till* saiiK* dej)lh in tin* Dock yanls at Ports- 
month and (io>j)ort. 

Wells of this kind have now become frccjiient 
ill the neighbourhood of London, whcTc* jierpc tual 
Fountains arc* in some* jdaccs obtained by deep 
jKJrforations through llie London cla\ , into porous 
beds of the IMastic clay toriuutioii, or into the 

Chalk.* 

* One of the first ArtP*^taii wells near l/)n^l<;m was that of 
Norland House on the N, W. of Hollaml Hotise, made in 17()4, 
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t'r^dtis^s upon'tfi’fe siiijytriyf'Artibi^ii 
‘W'^ts have lately T>cen publlshe'd'by M. HlWcart 
l^tiry and M. Arago in France, and by M. Von 

«im} iiotMPlibed in PhiJ. Trtins. London. 1797, Thfi water ofthip 
^ejil waA^llived front sumly btrata of the plastic clay formation, 
but 80 nracn obstruction by sand attends the admission of ^^atc^to 
tlit* pipes fVoin this formation, that it is now generally found more 
convenient to paws lower through thtse sand} strata, and obtain 
water from the subjacent ebatk. KxampUs o( welU that U8e to 
the anrfuce of the lowest tract of land on tin W. of I^ondoii may 
be seen in the Aitcsian fountani in fiorit of tlu njnscopal palace 
at Fulham, and in the of the Horticnlturdl bociety. 

Many Huch fountains hau bei n made in tlu* Town of Huntford, 
from wbuli the uaier lists to the In lulit oi a fiw leet above the 
surface. 

Tins lu ij;lit H found to diminish as tlu* nundiet of peipetually 
flowiriC' fountains iinuas<v; .indavtutiai application of tlieiu 
would dischai/t' tlu subj i< < nt v'aO r so mu< h nuu’t rapidly than 
it ainu's tluouali tlu ml isti(<soi tin <halk, tiiat fountain^ of 
this Kind uluu mimermis uonld it^ist to oveifbm, ahhoiijih the 
wutci NMthin them would iisn ami luamtam its 1cm I nearly at the 
8tiifii< c of the land. 

The Section, IM. ()^ is inlemled to t'vpluin tlic cause of the rise 
of water m Artesian \\ < lU m tin lla^m o| London, from |>ermo- 
ablc strata in the Ple.stK -clay for nation, and subjacent Chalk. 
The water in all tlrese stiata i-* »Uri\td liom the ram, winch falls 
on those portions of then bin face iliai are not coccred by the 
London Clay, ami is upheld fiy cla\ htdi* of the Gault, beneath 
tbe Chalk Aud Firc-stone. Thus admitted and sustained, it 
aocumtilatcb in the joints and citvrccs of these strata to the 
line A.B. al which it overflows by sprin,:s, lu \allt*>s, such as 
that represented in out section under C, Below this line, all 
the permeable strata must bo permanently hllod with a subter- 
‘tahean sheet of water, except where faults and otht*r disturbing 
tallies afford local sources of relief. Where these reliefs do iK>t 
interfbife, the horixontal line A, B, represents the level lo whjkdi 
water would rise by hydrostatic pressure^ in any penoratipm 



in Genaftny.* It apj)^an^ tliat tl^re 
are extens^e districts in various parts of £u^p^ 
^herc;, uoiler certain condition)^ of geol^eal 
structure, and at certain levels, artificial foun- 
tains will rise to tile surface of strata wdiich UiitiW’ 
out no nuturul hprings,i and will afford ahimdant 
supplies of water for agricultural and douicstic 

♦ 

tlirougfli the Clu\, cillui into •^airtl> IvtuU oJ the Planlic 

Ctav toimution, ot into tiie ( hulk . *oUi h at> thojte tcpiciifttia<U 
1 ). C F. (>. II. f n tht Ptiloi.ilion Ih inatle .it (i. ttr I{» nhurc 
tho <iiriat o ot fht tountn k ht low th^ lint \ U ilio Hdtti hiH 
rine in u perpi tnailv iiowiiiu Viti sian tountain, ns it rlocn tti 
Valiev of the rhinus b* twin n Hi* ml *rtl .in«l Urtnioii 

• ^00 lUiH lit <l( 'lluiiv*'' < trnMtli I ifi >ns nir l.i c«iu«kQ Uu 
fl< K Kiuv dt % ]«uiU ton h, 

«;(M<.ntih<ini s |»ti M \ia. ► \nnu«uii , pout I \n.t8h$ 
\ou liriKkmaun ului Uiiuim ii Itiiibionn sm 

Ntckar, 1 ** M 

f Th<‘ l)» ij:rani*^ u> I’l ( *, I U** i •»!»* i an <on^tnK|i'fl iu 
liiustiaU' tho e »• td ilu ns< ot waf» i in natural, or artiticiMl 
w.ihni l»iMU '.i. I' 1 ‘••till til »t an ttiit i<»< 4 1 (.U by llici 
suit « of \ iilb t»i ti n . 1^ «1 In I tuli** 

Sfipiiookin^ a n iHin ( ktl I i, I ) (ouipuHul ot in'ruic'Abtti 
fit rat a, K F. (» alunnouH "'ih nu|KiiiK.d»l» Ktrata, II, t K* i.. 
to havt the nuistn ul alt tlu" '^liaU itrtltUMion^ ui uH ilueC” 
tioiis at <iur uniloiinlv l.on/onial ! v*l A, Ii, llu* walei uhtvh 
fiill^i m lain u|MUi llu < \tu milictlifiltiht mmu L, F’,(f, woiiltl «<}* 
cumulate wtlhm tlum, anU till all (hdi tnUrMuoi wtUi wiklvr tip 
to tlie lino A, B, ami it a Ibpo iack pa'inui ilomi thnougb iUe 
Mpficr, into either ot the hm< i Virata, at an> |Kut>t wilbiii ibe 
eirciiinterein e of 1111*1 b»*nii, tin* water would rise wtUitn it to t||e 
homcmtal line A, h, wbicU rt|>Jtiwni» the goocruA level of Ibo 
of the Ba»in. A diftpoAiiioii no ugular never emtUit, fn 
mdure, the eittreiuttteiw or nwlrrop* ot eaeh »traUiiu art* usMSlIy 
«AfliW«U«v»l»,<F>«. I * » IniurtiwMicUielimiinl*. 
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dhd goractiteed evfen^for 

neiy/ The quantity of water thus bbtairted iii^ 
iijrtois is often sufficient to turn' the whoels of 
Com mills. . f - 

In the Tertiary basin of Perpi^an dhd the 
chalk of Tours, there are almost subteiraneai)! 
risers having enormous upward pressure. Tlie 
Water of an Artcsimi well in Roussillon rises 
from 30 to 30 feet above the surface. At Per- 
pignan and Tours, M. Arago states that the 
water rushes up with so much force, that a 

f , 

represents the water level within the stratum G ; below this line, 
water would he permanently present in Ci ; it could never rise 
aljove it, being relieved by *4pnu^s that would overflow at, a. 
The line, e. d. represents the level above whieh the water could 
never rise in the stratum 1'; ami the line e, f, represents the 
highest water level within the stratum \l. The discharge of all 
rain waters that percolated the strata K, F, G, thus being cflccted 
by overflow'iug at o. c. u. 

If eominun wells were jK’rfornted from the surfa<‘e, i. k. 1. into 
Ute strata O. F. K, the water would rise willun them only to the 
borixontal lines a b, c d, e f. 

The upfHjr jHJrous stratum (’, also, would be permanently 
loaded with water below the horizontal line, g, h, and perma- 
nently dry above it. 

The theoretical section, Itg. *i. represents a [rortion of a 

basin iutersec'ted by the fault li, L, filled with matter iinpirrmeable 
to water. Supposing the lower extremities of the inclined and 
permeable sU^ata N, O, P, Q, R, to be intersected by the 
fault or dyke H, b, the rain water which enters the uncover^ 
DQitioni of these strata, b<>twceii the im^iermeable clay bedisj^ 
A,B,C, D, E, would accumulate in the permeable strata up to 
the hori*onlal lines, A A B ir, C C\ D I>% E E". If m Am* 
ftian well was |>crforated into each of these strata to A" ' «/, Cf, 
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Cwin^ BaU 

Well isTiolentiyiyec^d by tbe tu(^t4ing|Btre^.^j 
la soiiv: plttccs applicaUon batji bmi 
economical pur|x>»Oii* of the higher tempem|p|Vo^ 
of the water ri^ng from great <lppth$. . In Wt|r- 
temberg Von Bruckiuunii has uppUed the ^ 
water of AricMun well** to heat a pujK'X munu- 
factory at iieilbroun,and to prevent the frec^lng^ 
of common watcT around his mill wheels. Thoj 


same pnictice is also adopted in Alsaci% and 
at Ciuistadt iHNir Stutgardt. It hits even boca^ 


D*, E'p ihroujjh the elay hciU A, B, (\ 1), 1'.. t!io water from 
these beet# would rise within n pijwj ftsoendinj froju the jwfont- 
tion, to the levels A , B , 1) ', E’. ' 

These theoreiieal R<*s\dts run never oecur to the extent here 
represented, in conse<pj( nee of the inter<r<'iionft (►f the Ktrutu hy 
valleys of Denudation, the irre/nhir irifer(>osfrio»i of Fatilfs, and 
tlic varying conditions of tin* matter romjxjxing Dyhes. 

If a valley were excavated in the stratum M Ixdow' A", the waiter 
of this stratum would oveiHow into tlu* hutiomof this vaney,atwE 
would never ris<t on the sale of flu* fault so hiirh as the level H, 
Wherever the (Oiit.u t of (hi* Dyke 11, I., with the stratiil 
M, N, O, r,Q, B, that iiii- ina rM-riH hy it, is im|)etft*et,an isshe 
is formed, through which the wati r from llu'se inrline^l strata tvilt 
be dirwhargraJ at the surface by a iiaf oral Arlesian well; hence a 
series of Artc'nan springs will mark the hue of contact of tht! 
Dyke with the fracturc*d edges of the strata from which the water 
rises, and the level of the wate r within these strata will be id- 
ways apprrrsimating to that of the springs at I! ; but as the per-, 
ineabiitty of Dykes varies in didenni parts of their ermrse, iWii^ 
dliect in sustaining water within the Hruta adjacent to 
must be irregular, and the water Ime within these strata will 
accordiug to circumstances, iMciween the highest (lOisible 
B* D, E, and tlic lowest possible level U. 



leiwidwgjiSpriBfB' 
to the warming of green hou8e9ki<AT(iesia]ii«leils^ 
Hf Ke^^jlong l^n ,o 8 eU in , Italy^ an .'tbo -dochy of 
Modena;,, they have also lleea snceessfully-ap-' 
p|ied in Holland, China,* and N. America; ’ By 
ineana . of similar wells, it is probable that ^ter 
i^y be raised to tlie surface of many parts of 
tli^ sandy deserts of Africa and Asia, and it has 
been in cunteuiplation to construct a series of 


♦ jVn ccoiioraical and ensy method of sinking; Artesian Wetla 
and boring: for coal, <!kc, has recently been practised near Saar* 
brlicW, by M, Scllow. Instead of the tardy and costly process 
of borinpf with a niimlxM' of Iron Hods screwed to each other, one 
haavy Bar of cast Iron about six ff‘ct longj and four inches in 
diameter, armed at its lower cii l with a enttint? Chisel, and sitr- 
roundinl by a hollow t'huinluT, to rcctnvt* throiig:h valves, and 
brinc^ up the tlctritus of flio peifonited strat tun, is suspended from 
the eml of a stron;; rttpe, widt h < over a wheel or pulley 
ftxed above the spot in whic h tht‘ hole is made. As this rope 
is raised up aiul down over the wheel, its tortioii gives to the 
Bar of Iron a eireulur motion, suHicieut to vary the place of the 
cutting {^hisel at oa<’h ih'setait. 

When the chamber is full, the vvhoh‘ apparatus is raised 
(^nickly to the surlace to he unloaded, and is again let down by 
the action ot the same w'heel. This process Jias been long ptae* 
ttsed in China, from wlience the repf>rt of its use has been 
brongld to Europe. The Chinese are said to have bored in this 
manner to the depth of lOOO feet. M. Sellow has with this in- 
strument lately made fserforations 18 inches in diameter, and 
several hundred feet deep, for the purpo.se of ventilating coal, 

mines at Saarbriick. The general substitution of this method , 
fbr' the costly process of boring with rods of iron, may be 
public importance, especially where water cim only 
ob^iied firbnt great depths. ^ ^ ^ ^ 



thfe I«thinti*iDf Su^r*i’^'^^ n ■ 

I hava^fcHt^tt^iinpci^ittiiit tbfis to ^ttt i^o 
theory of Artaaiaia Welli«, be<!^u6e Ihehr' 
fi;e<|iieut* aiiojlliod will add to the fiieilltieii ilf 
smppK mg fresh Water in many regions of iliM 
£aithv particnlarly in low and level districts, 
where this primte necessary of Life is itmccessilite 
by any oilier means ; and twause the tlioory ot 
their inode of o[>eratioii explains t>ne of tin? most 
important and most c^uininon c*onfrivnnces in the 
subterraneous economy #f the (Ilobe, for the pro- 
duction of natural springs. 

By tbese eompouud results of the origitml dis*» 
position ofthe strata and their suhse<|uent distur- 
bances, the entire' (Vast ofthe Lsirth has become 
one grand and c onm i te d Apparatus of llydrutilic 
Maehiuerv, coopt raiing ima'ssaiitly \ulh the Sea 
and i>ith the Atrno‘>^[)h<M‘<‘, to (iis}>eiise unfailing 
supplies of fresh Water <»v(‘r the habitable sur- 
face of the Land.* 

Among the iiieidc'iital advantages arising to 
Man from the iutrodiietion of Faults and Dislo- 
cations of tin? strata, into the system of curious 
arrangements that jK*r\ade the subterranean eco- 

^ '• Th<^ csuj»es of intermitting Spungy, svml rhUm^ and fbw4i>g: 
Urtiin, »ml muny minor irngnlantit'^ in ttie ilydmalic Action 
df'titttnml vent* of water, on local Accident*, such a* tbS; 

ti^l«!f|K>sttton of %phon», ( aviiic*, Ac., which ate aC:at4^ 

imj^aftcc to he noticed, in the general view w« US JbSfS' 
taking of die Cause* of the Origin of Spring*. 



riUYDRAiiriiic MX>3varmmn.f^ ' 

nraojr'Of the Globe, We tnaiy furthlfe incltide the 
eipetnastance, that theise fractures al’e tbeiiriost' 
frequent channels issue to mineral and tAer*i 
ntal waters, whose medicinal virtues alleviate, 
many of the diseases of the Human Frame.* 

■ " Thus in the whole machinery of Springs and 
Rivers, and tlic apparatus that is kept in action 
&r their duration, through the instrumentality 
of a system of curiously constructed hills and 
valleys, receiving their supply occasionttUg from 
tlie rains of heaven, and treasuring it up in their 
everlasting storehouses lo be dispensed perpetu- 
aUt) by thousands of Jievcr-failing fountains, we 
see a provision not less striking, than it is 
important. So also in the adjustment of the 
relative quantities of Sea and Land, in such due 
proportions as to supply tin; eartli by constant 
evaporation, without diminishing the waters of 
tlie ocean ; and in the ai>pointmcnt of the Atmos- 
phere to be the vehicle of this wonderful and 
unceasing circidation ; in thus separating these 
waters from their native salt, (which though of 
the highest utility to prcseia’c the purity of the 

* Dr, Daubtiny has shewn that a large pro|>orlion of the 
thermal springs with whieh wc aiv ut rpuiiuted, arise through 
fractures situated on the lines of dislocation of the 
8$^ Banhen^ cut Thermal Edin, Phil, Jour, 

1832. p. 49. « 

Professor HoiTmaii has given examples of these fractured ill 
the axis of valleys of ^Itrifatum, through which chalybea^imteri 
P^rmoai, ami in other valleys of Westphalia, tsae pl. 
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sea,' rent^tere tiiem unlit for the eupi^oHNlUf fonc^ 
trial -animalB or vegetaMcs), and traattnitting^ 
them in genial ahoweis to scatter fcartiU^ urec^ 
the earth, and maintain the never-failing reslM^* 
voirs of those springs and rivers by which thei^ 
are again returned to mix with their parent 
ocean ; in all these circumstances wc hnd such 
evidence of nicely balanced adaptation of meana 
to ends, of wise foresiglit, and benevolent inlen** 
tioii, and infinite powtT, that he must be blind 
indeed, who refuses to nx;omiizf in them proofo - 
of the most exalted attributes of the Creator.”* 
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Prtmfx'of DesisfH in the Slnivture ami ComposiUoH 
o/' mnn'giiui-zi'-fl JJi acral Jitahes. ,■ 

Much of the physical liisn»ry of the coiuiiouri^ 
forms of unorganized mineral bodies, has been, 
anticipated in the coiisidcriitious given in our, 
early chapters to the unstralilicd and crystal- 
line rocks. It remains only to say a few words 
r^pecting the simple mittiTals that form the 
ingredieDts of these rock^and the elemeHUtr$ 
bodies of which tin y are compose«l . f ‘ 

♦ BudilftiMl, Inatig. Ixsctufe, p. 13- ' 

> 4 tli« lerm nmple mimml ap|>li«d molotily 

, minmi fttbslancc#, which arc rm- in Nalufjit, *uch m pint 
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, In, crossing a heath,’',, (says jP^lfsy,^ “sup- 
ply I pitched my foot against a »to^, and prere 
asked bow the stone came to be there ; 1 might 
possibly answer, that, for any thing I knew to 
the contrary, it had lain there for ever : nor would 
it pcrliaps be very easy to show the absurdity of 
this answer.”* 

Nay says tlio (ieologist, for if the stone were a 
pebble, the advtiilurcs of tins pebble may have 
been many and various, and fraught with records 
of physical events, that produced iinporUmt 
clnuigcH u|>un the siirfafc of our planet; and its 
rolled condition miidics that it has undergone 
cunHidcrable locoinotion by the action of water. 

goltl or ftilui, but (Imi to .il), ktiuls ol ((tiupound mttitral t>adiei 
iliiU post fit I t(> 111 ii ( i\<s(ulliiit stiiHtuu, at ( otup iiupfi by doti- 
mU propoitufus ol iht II thtuiKai in.,it tin iiN Tbu diHcroncc 
Intwcit) H sunpit ntint I li liid i siiitplt stibst niot ina} be dins- 
tiaud In lilt ra‘'t of < d« iitous sjnr, or ti\^tidli/ed carbonate 
oi liiiu* 'i iu uUiuiatt < It nit fits, m/ ( alt tuiii, Uxyi^en, aod 
C/Aibou, art Himpk sub>t uitis , tb< (innUUuu < uinpouud result- 
ing fn an till union ot tht >t tltiututs, m (tilnii lUniutc propor- 
tu»b«, forms \ simpl« luimiil, t ilUd Carbonate ol bme. Jht 
total numbtr of <u{opl< iintn rdn lutht lio ascertained according to 
Ucufbus IS mails MV bnmjutl, tbu t»l simple substances, or 
piimipKs, is tittvttiur 

* I base (|uottd this peisa,,t , not m tii'«pamgemeut of tbe ge- 
neral argument of I'aky, sshub h aUogetuei inde]^)eadeiit of the 
incidental and ne<dlcM ci^Htrtscm ssitb si Inch he bus pn^locad 
it| but to thoss llu* itnjKirflmrc fd the addition, that has be^n 
made by the discos ei us of Geulog) and Mineralogy, to the evi- 
denee of tbe non-etermty of the earth, yihich m grtsat a minddi 
^notuieed to be impeifwt, for kck of sorb infomnitiois as ^i||s 
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8h<tol<!lh6 'mne ; 

a*^ Cmiglofirterafe- 

ftp of the roi^hdif^d dctiitua bf oihef rocks,' ihb 
ii4glr€!dibnts tit siich n strtne ^-oold hoar atmilar Cftif » 
dence of tiio^eirteirts by (ho force of waters whteh 
reduced thojn to the statt* of sand, or |HhWe», and 
tmns|>orteil them to their present plnee, 
the exi»ter>ee of tlie stmtiini ot' which they form 
a part ; consequently no such stnitum can liaye 
lain in its present plae(‘ for even*. 

A^ain, should the supposed stone contain within 
it the potriHed remains of any fossil Animal or 
fossil Plant, tlicse vNouhl not only sln>w that niii- 
mal and vegetable life had pree(*ded tin* forma- 
tion of the iXM’k. in Mhieh they are embedded; 
but their orsynnic .strm ture iniuht atlbrd examples 
of eontrivanee and d(‘>ii;n, a> miecpiivocally at- 
iostin^ tlie exercise of Iniellijzein (' and Power, as 
the inecduinism of a W.aieli or Ste am engine, or 
any other instrument prodm ( <l by lintnan art, 
bears evidence’ of intention and skill in the 
workman who in%i'nt<‘d and eonstniclt'd them* 
lastly, sliould it even he (irariite, or any 
crysbdliue Primary Kotk, containing neither 
organic remains, nor fragments of other rocks 
inore ancient than itself, it can still he shown that 
there was a time when even stones of this claiMl 
had not assumed their present state, ^and con^^ 
qoently lhat there is not one of them, which can 
have existed, w^here they now are, for ever. The 
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m il M irttlogist has ascertained^ tliatt' & a 

ciaih))bund' substance, made tip df'tliree distiniet 
and dissimilar simple mineral bodies,- Qtiartz, Fel- 
spar, and Mica, each presenting certain regular 
combinations of external form and internal struc- 
ture, ■with physical properties peculiar to itself. 
And Chemical Analysis has shewn that these se- 
veral bodies are made up of other bodies, ail of 
which had a prior existence in some more shnple 
state, before they entered on their present union 
in the mineral constituents of what are supposed 
to be the most ancient rocks acj'cssible to human 
observation. The Crystallographer also has fur- 
ther shewn that the several ingredients of Granite, 
and of all other kimls of Crystalline Rocks are 
composed of Molecules which are invisibly mi- 
nute, and that each of these Molecules is made 
up of still smaller ami more simple Molecules, 
every one of them combimxl in fixed and definite 
proportions, and aflbrding at all the successive 
stages of their analysis, presumptive proof that 
they possess determinate geometrical figures. 
These combinations and figurtis are so far from in- 
dicating the fortuitous result of accident, that they 
ara disposed according to laws the most severely 
rigid, and in proportions mathematically exact.'* 

Tt»« above Paragraphs of this Chapter excepting the fiiW*' 
aUi'taken almost verbatim from the Author’s MS. Notes of bis 
iMtmes on Minerak^y, bearing the date of June 18"3, mid' 
htt’luM adheteci moie closely to dw f<»m ancter whidi they 
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i: The^AlbeiBtkspi Thwry 
postulate of tfcio caeruity of inatter and 
would Uio question thus. All matlor^ 

it would contondy tiiustof necessity have aasuniodi 
some forai or other, and therefoitJ mny Jbriuiimmlg 
hate settled into any of those under j.|irhich it 
actually ap[icars. Now, on this hyjiotiteis, we 
ought to liiul all kinds of Hul>slunces presented 
occasionally under an intinite nuinlKT of extemiii 
forms, aiAd combined in endlcsH varieties of in- 
definite proportions ; but obst rvation has shown 
tliat crystalline iniiarai binlies m'cur under a 
fix6<lattd limited iiuiulH r of c xtiTiml forms culled 
mHfudioy/^ and that tliestj art*. coiistrucUd on n 
series of more simple priumiy forms, winch arf5 
demonstrable* by cleavage; and un^cluniicai di- 
vision, without t hcinic al analysis : llie ifUenrani 
molecules'*' of these primary forms of crystals are 


j)car, than hu mijjht oilu*rwts« have d<*Tie, for ibr sake of showing 
that no {lart of them h.i*4 U»en f>y any |»ubU- 

cations; and that the \mm\h heri' taken li.uf ikiI nn;i;itiatod tit 
OXpresR considemtions eafled fwifi by the ocea«<»ori of th« f>rosoi1it 
Trtiauae, but are the natural rt suit of ordinary scrinua atMm^Ittl 
to the phenomena of and Mineralogy, viewed in tiktr 

coitjotnl relations to one another, and of en<|uiry pnnrucd u 
Steps further beyond the. facts towanris the causes in which they 
origtiMited. 

* C« que j*ai clit de la forme devic-ndra t ricore pliii evident, 
«i^ CO punetraot dans le ineeanisirie intime de la structure, «m 
eoi^l tout cei criitatix comme ile*s asaemblages de niolheiiloi 
purfaitcmeiit semblablet par hnirs fonnest et iralior*^ 
m lunmiigemeot rtgoUer. Aiusi, «o ikii 


Moors or^iDMiON 


370 * 

uswEilljr doinpound bodios^ tuade^ of 'adal^rior 
-seties of ctmsHtutkt taoledoles, il Molecules of 
the first substances obtained by'cbMoieal analy- 
sis ; and these in many cfules are also compound 
bodies, made up of the ehmentary molecules, or 
final in^yisible atoms,* of which the ultinikte 
piirticleffOf matter are probably composed/f 

4tude mipcrficiellc des cristaux n’y bissait voir que des singiila- 
rit^a dc la nature, une etude ajiprolondie nous conduit ^ cette 
consi'qiiencc que le meme Dleu dont lu put&sance ct la sa^jesse 
out sournis la course dt‘s asti -s a de*^ lois tjui ne so demeiitent 
jamais, en a aiissi etabli auxquellcs out oWm avec la m^me fid^- 
lite les molecules qui se sunt n nnies pour donner naissance aux 
corps caches dans Ics retraites du ({ue nous babitoos. 

Haiiy* Tableau <smparaiif tics Rt ml tats de la CriHl%iloyraphie 
et dc V Analyse (Itimhjuc. P. xui. 

* ** Wc seem to be justidetl in conehidinp:, that a limit is t6 be 
assigned to the diusibility of matter, ami consequently that wc 
must suppose the existence of t'crtaiu ulti^^e iiarticles, stamped, 
as Newton conjet,! lured, in the bciiinuinfUl^imf; by the hands of 
the Almighty with permanent characters, and retaining the exact 
sixe and figure, no less than the other more subtle qualitios and rela- 
tions which were given to them nt the first moment ot‘ their creation* 

**Th€ particles of the several substances existing in imtureinay 
thus deserve to bo regarded as the alphalnH, composing 
volume which records the wistlom and gocxlnoss of the Cfdator/’ 
Daubeny's Atomic Theory ^ p* 107. 

} t Wc may once for all illustrate the combinations of exact and 
methodical arrangements under which the ordinary crystalline 
forms of minerals have been produced, by the phenomena of a 
single species ; vis. Uie welbknown substance of Carbonate of 
Lime. 

. We have more than five hundred varieties of secondary forms 
fireseiited by the crystals of this abundant earthy miOeFal. fh 
each of these we trace a Bve-fold series of tobordtoate telatidilt 












